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Courteoris Reader, 


Athematical Studies have for theſe many Years been much negleRed, if not 

contemned ; yet have there been ſo many rare Inventions found, even by 

Men of our own Nation, that nothing now ſceme almoſt poſlible to be ad- 

ded more. As in other Studies, ſo we may ſay in theſe, Nil diftam quod 

non diflum prins : We at the leaſt muſt needs acknowledge, That in this we have preſenc- 

ed thee with nothing new, nothing that is our own. Ex integra Greca, integram Come. 

diam hodie ſum aiFurus, ſaith Terewce, that moſt excellent Commedian, in his Heauton- 

timorumenon, Tranſlation was bis Apology ; Tranſcription, Colleftion, and Compoſi- 

tion ours, This only we have endeavoured, that the firſt Principles and Foundations of 

thoſe Studies (wbich were not to be known until now, but by being acquainted with 

many Books) might in a due method, and perſpicuous manner, be as it were at once 
preſented to thy view, 


The matter, being Mathematical and Praftical Arts of my own Praftice, I can the #** #ilas 


better avouch the cafe and truth of them to all ingenious PraCtitioners, and unto ſuch as 
have as yet learned nothing but Arithmersck, | 

To that purpoſe,we have in the firſt Book laid down OY all young Sea- 
men are or ſhould be perfeCt in, concetning the Compaſs, and the foens. Motion, Inſtru- 
mentally and Arithmetically ; and by it,in tlie ſame manner,how to know the Rules of 
the Ebbingand Flowing of the Sea, with the Rules of time of Flood and High-Water 
in any Port in the World z with a Diſcourſe of the Praftick part of Navigation, in work- 
ing of a Ship in all Caſes and Conditions of Weather at Sea,to the belt of my Experience. 

And the A B Cof Geometry,itsDefinitions andGeometrical Problems,out of Exclid and 
others,as muſt be known to ſuch as would know theNature and Menſuration of Triangles. 
[In the 24Book we have proceeded to theDeſcriptions of all the moſt uſeful Inſtruments for 
Artiſts and Navigators ; as the Scale of Scales, which is a Mathematical Ruler, that re- 
ſolves all Mathematical Rules whatſoever : And we our ſelves have fitred Tables and 
Diagrams in that manner, as we preſume has not been done in that plainneſs, and fo 
eaſie to be underſtood, by any Man before. There is the Diagrams and Tables together, 
both Natural and Artificial, and the Scale, and its making and uſe follows. As alſo, 
The making aud uſe of the Traverſe-Scale of Artificial Poiats and Quarters z The 
making of the Quadrant and Index, and their ready uſe in Aſtronomy and Navigation 
and the Protraftor; The Projetion and uſe of the Notwurna!l, and new Tables of the 
North Star's Declination. And on the back-ſide are 32 of the moſt uſeful Stars in the 
Heavens for Navigators, and its Uſe ; with Tables of the Longitude and Latitude, Righr 
Aſcenſion and Declination; The Deſcription and uſe of the Fore-Staff, Sea-Qua- 
drant; as alſo a new Quadrant and Quadrat, that | uſe my ſelf ar Land and Sea; a 
Conitant Kalendar, joyned with the Tables of the Suz*s Declination, for Years to come. 
In the Third Bookis ſhewn, The Nature and Quality of 7Trianffles. Of Sailing by 
the Plain Sea-Chart, and the uncertainty thereof; and of Navigationrby. A 
Wright's Projection, ard by the neareſt way of Sailing by the Globe, 'of Ardi@v1 
Circle z with the making of the True Sea-Chart, Geometrically, Arithitieticall 
Inſtrumentally, as the true way of keeping a Journal ar Sea, very calig a&-vnce 
Plain, Mercator, or Great-Circle-Sailing, with Tables of Longitude and&Katitnd 
Places round the World, from the Meridian of the Lizard, terminating, at 18h. | 
and Welt of that Meridian. | < _ is 
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To the Reader. 


Plaigzo 


In the Fifth Book is the Art of Surveying of Land by the Azimuth or Amplitude Com- 


" paſs, very ealic and uſeful for Sea-men : The Art of Gauging of all ſorts of Velſels, and 


Meaſuring of Timber, Stone, and Glaſs, and Ships, Geometrically, Inſtrumentally, and 


-Arithmecically ; and a moſt excellent Gunner's Scale, with the ealieſt way of Gunnery 


that hath been writ by any : For what Nye hath done by Arithmetick, by the Square 
and Cube, and their Roots, which is the hardeſt ſort of Arithmetick, by Multiplication, 
and Diviſion, 1 have done by the Logarithm Tables, by Addition and Subſtrattion, and 
likewiſe Geometrically and Inſtrumentally. The Scale ſhews at once, in a moment, 
the ready Dimenſions of twenty ſorts of moſt uſeful Ordnance, from a Baſe to a Cannon- 
Royal, their length, and weight of the Gun, Powder and Shot, and Tables of Shot of 
Lead, Iron andStone with a Table of Right Ranges and Point Blanks ; with a Plain 
Scale and Dialling-Scale, Quadrant and Quadrat, for taking of Heights and Diſtances ; 
with a Line of Inches and Numbers, for the ready working of all other Proportions of 
Solids, or otherwiſe; being a moſt uſeful Inſtrument for all Land and Sea-Gunners : Bur 
molt eſpecially I do adviſe all Sea-Gunners to carry one of thoſe moſt uſeful Inſtruments 
in his Pocket, and by our DireQions learn the uſe perfe&tly of them. Iam aſhamed to 
hear how ſenſeleſly many Sea-Gunners will talk of the Art, and know little or nothing 
therein, but only how ro ſpunge, lade, and fire a Gun at Random, without any Rules 
of fiading the Diſpart, thickneſs of the Metal in all places, ard proportion any Charge 
of Powder thereto, and other Rules which ſhould be known. Herein how many of them 
are defeCtive ? And to ſupply that defect, 1 have taken this pains in the Art, to the end 
to help all ſuch as are ingenious and willing to learn : As alſo, all manner of Artificial 
Fire-works and Rockets, with their Figures and Flery-Arrows, Granadoes, and Pots. 


- + , TheSizth Book is the Art of Aſtronomy, containing the Definition of the Circles of 


the Sphere,wirh the manner how to reſolve all the moſt neceſſaryPropoſitions thereto be- 


© longing, by a Line of Chords and Sines, and Chords and Tangents, and half Tangents, 
Geometrically and by Calculation, by the Logarithm Tablgs of Artificial Sines and Tan- 


gents : And all uſeful Aſtronomical Propoſitions appertaining to the firſt Motion ; and 
Tables for finding always the S's true place ;, being all of extraordinary uſe, and made 
the meaneſt Capacity. 
Seventh "Book is the Art of Dialling by the Gnemonical Scale, with 
the Diagram and making of the ſaid Scales, with Tables alſo in the Second Book de- 
ſcribed ; with the Fundamental Diagram of all Scales on the Ruler, as alſo by Calcula- 
tion, ſhewing the making of all ſorts of Dials, buth within Doors and without, upon 
any Wall, Ceiling, or Floor, be they never ſo irregular, whereſoever the direct or re-; 
fleted Beams of the Sur may come, for any Latitude z and how to find the true hour of 
the Night by the Moon and Stars 3 and how to Colour, Gild, and Paint Dials ; and how 
to faſten the Gnomon in Stone or Wood, We haye inſiſted the more upon it, and by our 
Explanation have endeavoured to make it plain and eaſe, it being all our own PraQtice 
ſo that nothing may be wanting, which either former Ages or .our own (by God's 
Bleſſing and their Induſtry) have afforded to us. We have to the Artificial Canon added 
Rules to be taken and obſerved in uſe of Gunter*s Canonof Artificial Sines and Tangents, 
and Briggs*s his Canon of Logarithm Numbers, as in that Form, and in this Work, we 
have made uſe of his DireCtions in the Aſtronomical Calculation, and the Demonſtra- 
tion by our own Rules z and of Norwoed's Advice in Navigation, and by Demonſtratian 
our own (the way of our uſual PraCtice at Sea in keeping our Journal) and for the Lon - 
gitude and Latitude of Places, we bave had the beſt Experience we could procure from 
others that have been in ſeveral Parts of the World, and likewiſe of our own Obſer- 
yation of ſeveral Places in the Weſt Indies, and other Parts, together comparing of them 
with ſeveral Tables, formerly made and lately correQted, and fitted for a Meridian of 
our own Country, and the Principal Cape of this Land, for thy eaſe z the Lizard being 
the farewel Cape to moſt Ships that Sail out of the Britsſb Seas, any way to the South or 
Weſt, and likewiſe tne firſt Land made at their return home; and therefore it muſt 
needs be very uſeful for all Northern and Southern Navigators in their Voyages, with 
great caſe and exaQtneſs. | 


It's nothing new, nor does it come by Chance, 
That Art is envy'd ſtill by Ignorance. 
For the Art of Gauging, I have conferred with Mr. Stianred; and all the Rules that 
have bcen laid down in the following Treatiſe, are moſt exact and eaſie to the meaneſt 
- | Capacity 


To the Reader. 


—c—_ _— 


Capacity of ſuch as are $kiltul in Arithmetick ; but with mach Labour, Study, Care, 
and Charge, in the Tryaland Practice of them by our ſ:If : which may be conſidered by 
the Ingenious Practitioners, though much more abuſed by Ignorant Mom and his Mates 
who make it their buſineſs t » ſcoti, deride, affront, and abuſe all ſuch as are Ingenions, 
and pretend to have any thing more than themſelves ; and you ſhall know them by their 
railing Diſcourſe of any Ingenious Work or Artiſt. Such for their Malice, Abuſes, and 
Reviling of thoſe that Study the Honour of their Country to Poſterity, the harmleſs 
Stndy of Vertue, and Praiſe-worthy Commendation of all good honeſt-minded Men + 1 
lay, ſuch Momuſſes will bave their Reward in another Life, if they give it not over,and 
repent of it in time. But for all honeſt-minded Mea that love Arts and Sciences, Theo- 
rical and Practical, God doth give them his Spirit to guide them in all lawful Arts, to the 
Knowledge thereof,according to their deſire of him. 

Others that have eicher ſpent more time, or made a farther Progreſs in theſe Raviſh- 
ing Studies, might (if they would have taken the pains) have haply preſented thee with 
more 1n leſs room, but the moſt of this was at firſt Collected for our Private Uſe, 
and Direction of our three Brothers and Son 3 but now Publiſhed for the good of others. 
Nevertheleſs, 1am not ignorant, how that never any Man living, in his Writing; could 
pleaſe the Phanſies of all Men, neicher do I expeQ to be the firſt, Let every one do as 
his Genius doth beſt diſpoſe him, take where he pleaſeth, read what he liketh, and leave 
what he liketh not. For my own part, | have with much Diligence and Induſtry waded 
through many Znigmatical Difficulties, and have removed and drawn back the Curtain 
of Darkneſs from off our Engliſh Horizon, in our Mathematical and Praftical Arts 
following. 

Laſtly, deſire the Judicious Reader, if be chance to meet with any Errors (as ſome 
may happen in a Work of this Nature) that he would courteouſly amend them, and not 
with Cavillation ungratefully requite my painful Laboucrs. Haply, if this find Accep- 
tance, it may encourage me to publiſh ſome other thing, which may give much ſatis- 
fation, and be commodious to my Country-men of England. 


To the Navigators and Mariners of England: © 


Brethren, 


H E Duties of a Friend, and the Properties of a Flatterer differ ſo greatly, that 

a Man cannot perform the Office of the one, but he mult renounce the 
of the other ; and a very Fountainit is, from which many Miſchiefs do ſpring and over- 
flow the wretched Life of Mankind, that the true dealing of Friends is moſt commonly 
unpleaſant and bateful3 but the ſoothing of Flatterers is become plauſible, and much 
ſet by : In reſemblance they bear many times like ſhew; but in purpoſes they always dif- 
fer. . A true Friend will ſometimes commend and praiſe divers things in his Friend ; and 
ſo will alſo the Flatterer, in thoſe whom he followeth. The one commendeth that 
which in Judgment be thinketh commendable, to the end that his Friend ſhould ill pro- 
ceed in Actions wo:thy of Commendations z the other commendeth even thoſe things 
many times which in Heart he doth deteſt, to the end that he may ſooth up the Humor of 
the Party. A faithiul Friend, what he difallows in his Judgment of his Friend, he will 
be earneſt with him co ſee the fault, to the end the Party may amend, and give no ad- 
vantage to his F:emy. The Flatterer ſometimes, though ſeldom, will alſodifcommend, 
but evermore t:ifling matters fearing to offend the Party, if he ſhould touch him, 
counter leiting ſincere Love (the Badge only of- true Friend(hip) and fo leaveth the Party 
thus abuſed, to the ſcorn and reproach of the Adverſary, reaping the Reward 
which he looked tor, as the only end of his deſire. 

[ do not think that. there is any Man, that either regardeth God's Glory, or eſteems 
eth of Humane Society, but.holdeth our Art worthy to be numbered with the molt ex- 
ceilent that areexerciſed among Men : And therefore it is great Reaſon the Pratticers of 
ic ſhould be had in greater Reputation than they be now-a-days. Neither is there any 
other Art wherein God ſheweth his Divine Power ſo manifeſtly, as in ours; permitting 
unto us certain Rules to work by, and increaſing of them from time to time, growing 
ſill onwards towards perfection, as the World doth towards its end ;z and yetreſerveth 
ſill unto bimſclf the managing of the whole, that when ye have done what we _ ac- 
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To the Reader. 


cording to $kill we have already, or may have by any thing that we may learn hereafter, 
yet always will God make it manifeſt, that he alone is Lord and Ruler of Sea and Land; 
That all Storms and Tempeſts do but fulfil bis Will and Pleaſure, who oftentimes Ad- 
miniſtreth many helps beyond all expeCtation, when the Art of Man utterly faileth 3 
which is lively expreſſed in Pſal. 107. where is nothing omitted which is neceſſary, nor 
any thing affirmed but that which the continual experience of our daily Dangers do pro - 
claim to be true. 
. O that we which ſee his wondrous Works in the Deep, would therefore praiſe the Lord for bis 
HMercies, and ſhew ' forth bis Wonders before the Children of Men ;, that we might once learn, 
' That the fear of the Lordis the beginning of Wiſdom, Moſt undoubtedly then would our 
Art flouriſh, our Voyages proſper, and have better ſucceſs; yea, our ſelves would be 
more eſteemed and honoured of all Men. - Whereas the now Profane Lives, and bruitiſh 
behaviour of too too many of our Employ, - doth eclipſe the Glory of our Pro- 
feſſion it ſelf. Beſides other manifold Puniſhments, God ſtriketh ſome of us with the 
Spirit of 'Blindneſs, as no Men living, of any Trade whatſoever, are to be found ſoig- 
norant as many of us are : So ſenſeleſs are we of our own defects, fo little deſirons to 
amend them -..Yea,' and ſome'of us of the greateſt Skill and Practice are ſo loath to give 
God his due Glory, 'that many times labouring to ſuppreſs it, we make Shipwrack of our 
own Credits and Reputations, which otherwiſe of right might acrew unto us, When 
we have performed a long Voyage, of great Difficulties, wherein many a time and oft 
we have been at our Wits end, and-know not which way in the World to turn our ſelves, 
"God delivering us beyond our ExpeQaation, as our Conſciences can witneſs ; yet whet, 
the danger is once paſt, and that home we be come, we take it as a blemiſh of our Eſti- 
mations, and a great Impeachment to our Credit, to give God the Praiſe, and yield 
him Thanks 3' imagining that would derogate too much from the Admiration which we 
ſo greedily huntafter among Men. But let me give you one example of this Ingratitude 
to God, on a Voyage from the Weſt Indies, in the Soczety of Topſham, a Ship that 1 had 
Command of. Irt pleaſed God by a violent Storm at Sea, 500 Leagues from England, 
we loſt all our Maſts, and our Ship ſeveral times like to founder. It pleaſed God that 
little Proviſion we made for Sail, and the miſchievous Storm continuing, turned to our 
good : forthe Wind was fair, but the Sea ſo dangerous and grown, that we conld not 
Scud or Sail, but ſometimes, but in good time ir brought us ſafe into the foreſaid Har- 
bour of Topſham. And in our Diſtreſs our Men were very mindful of Prayer, as moſt in 
a Storm are ; but coming to our deſired Port, [ deſired them to return our Gracious God 
Thanks, with me, for our great Deliverence: Some were willing, but two refuſed 
whereupon I told them, That when they, were next in Diſtreſs, it may be God would refuſe 
them help or deliverance . And fo it fell out; for William Witheridge of Kenton in De- 
wonſhire, was drowned at Bilboa the next Voyage following 3 and the other was drowned 
at London, Therefore let me adviſe all, to have a care not to beungrateful to God, 
We of this There are many Men that perform long Voyages God knoweth how, bur not fhey 
Nation are themſelves; yet will ſwear, crack and ' boaſt, That they have done all things 
toomuchgi- according to Art; and tell a Tale to Strangers at home, of ſuchGulphs and ſwift Cur- 
_—_— rents, more than ever God made, to ſhadow their Ignorance, and to rob God of his 
gefs, axd Praiſe! But yet for the Navigators and Mariners of England, 1 do hope and verily be- 
contemn our lieve, that divers of them do fear God unfeignedly, and do as much diſlike the diſlolute 
own Cont» Courſe of the common ſort,as any Men can : And 1 do nothing doubt, although the num- 
t79-M'n. her of ſuch are too few in our Nation, yet are they more than any Nation in the World 
can ſhew beſides. However, two things are greatly wiſh'd by all our well-willers ; an 
increaſe in vs of the true Fear of God, and a' careful diligence in us, in things belong- 
ing to ur -Art, Where the Fear of God is not,” no Art can ſerve the turn; for that 
wereto make of Art an\Jdol. And yet all thoſe that fear God, muſt take heed they do 
not tempt God : and therefore ought they to uſe Art, as the means that God hath or- 
dained for their beneſit, and be thankful unto him for it. Farewell. 
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Courteons Reader, 


T the earneſt Intreaty of the Book-ſellers conterned in this Treatiſe, Tun- 
A dertook the Viewing and Reforming of this Magazine, chuſing rather to 
ereit a New Fabrick to furniſh it with a New Store ; but they not con- 
ſenting, 1 have Repaired the Old Building, and provided the Magazine partly 
with Old, partly with New Store ; and | have endeavoured to render the Mathe- 
matical Arts contained herein as familiar as I could, being only « Correfor, not 
an Author. | | 
I have added the Doftrine of Spherical Triangles, alſo ſomewhat in the Aſtro- 
nomical part, and more in the Dialling, and inthe whole as there was need ; and 
ſomething I have omitted which I judged Superfluous, others I have Correfed that 
were Erroneous. | 
There are ſome Errors of the Preſs, which we muſt Pardon, the Work being 
troubleſome to the Printer as 'twas tedious to me, and being not material, 1 have 
omitted them, And as 1 undertook this Task for the Advantage of Toung Stu- 
dents in the Mathematicks, to which I hope it will be ſerviceable, and acceptable ; 
to whom 1 am an obliged Servant for their Inflration and Information in the 
Mathematichs. 


JOHN COLSON. 


N Preſcot-ſtrezs in Goodmans-fields, are taught theſe Mathematical Sciences, (vis.) 
I Arithmetick, Geometry, Algebra, Trigonometry, Navigation, Aſtronomy, Dialling, Sur- 
weying, Gauging, Fortification, and Gunnery, the Uſe of the Globes, and other Mathema- 
tical Inſtruments, Projett;on of the Sphere, and other Parts of. the Mathematicks, And 
Youth Boarded. 


By JOHN COLSON, © 


bn ————_— 
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To his Ingenious and Induſtrious Friend, Capt, Samuel Sturmy. 


S wuch Noble Captains Honour well deſerve, 

A 5 to their ntmoſt, King and Conntrey ſerve; 
M aking their Skill and Pratiice freely | fark 
U rto all, others who will Learning own. EO 
E aft, Weſt, - North, South, thy Compaſs will them guide, 
[L eſt they ſhould wander with each Wind and Tide, 


S tir up thy Noble Genins, and go on, © 

T hy Book ſhall live, when thou art dead and gon, 
U mnto thy Glory : and proud Bragg ards will 

R epine, they could not like thee ſhew ther Skgll. 

M omus may carp, but from all boneft Hearts, 
Y ou'll Thanks have for your Magazine of Arts. 


S ome Men, when thty this Magazine ſhall ſpy, 
A ndnote the Author, preſemly will cry, 

M any ſuch C aptains will undo the Trad, . 

U wlock theſe Secrets, all are Captains made. 

E nvy thus, Devil-like, would keep Men blind, 
L et Noble Sons of Art be free and kind, 


S. o well. ſtor'd, Captain, is thy Magazine, 
| T hat "twill invite all forts: This Buſh of mine 
U neo thy Wine is needleſs. All Men ſball 
R cap Profic by thy Labour : and if all 
M en thus would add their Talents wno thine, 
Y on'd ſoon compleat a famous Magazine. 


Henry Philippes. 
GC 


To his Judicious Friend the Author, Capt. SAMUEL STURMY on his 
. MAGAZINE of ARTS. 


Eader, Survey with an Impartial Eye, : 
The Care, the Pains, the Art, the Induſtry, 
And Charge, at which the Author, long, hath been, 
To Store (with Plenty) this his Magazine ; 
Or, rather Mart of Arts; where you may buy 
(For little Money) IN GENUITY: *' 
And be Partaker of thoſe Arts we call 
Sciences Liberal, MATHEMATICAL: 
He having taken Pains on th Deep «nd Shore, 
Greſping and Grap ling to increaſe his Store ; 
And after all his Toil and Pains (thus ſpent) 
Gives it bis Country for an Ornament. 


Ranſack this CASCATE (therefore) where you'll find 


Plenty of Jewels to adorn the Mind. 


And firſt, is repreſented to your Eye 
Selefted Problems i» GEOMETRY. 


In NAVIGATION Rules it doth afford, 
Will make Mex Seemen'e're they go «-hoard : 
And when Embarqued on the Ocean far, 
May Steer from th Artick to th Antartick Star ; 
And ſo, with Prudence, may « Voyage make 
Over the Oceans Univerſal Lake : 
No Places diſtance hindring of Commerce, 
Having free Traffick through the Univerſe. 


The GEOD ECI AN, i» this Book, may heve 
Rules to Syrvey his Land, and then his Grave. © 


VINERIVUS mow will find it zo hard Tak 
To know he hath his Dwe, and Gange bis Cak. 


Here MURIFRAGUVU S certain Skill may gain 
To reach his Mark, making no Shot in vain. 


And fair URANTIA leads you by the Hand, 
Deſcrying how the Spheres to underſtand ; 
Unlocking all the Hidden Treaſury, 

And Secret Myſt'ries in ASTRONOMY: 


Is HOROMETRIA Skill you may attain, 
To trace Sol's Courſe out on « Dial Plain. 


And the MUNEFTOR hither may reſort 
For Rules whereby to Fabricate his Fort. 
To Spring his Myne, and alſo Sconces raiſe 
Againſt his Foes, to bis Renown «nd Praiſe. 


And to the Trader it will be as Treaſure, 
Tielding him Knowledge both in Weights and Meaſure; 


With this, and ſath like beneficial Skill, 
Our Author This bis MAGAZINE aid fill; 
And that for th' Good and Benefit of thoſe 
Who honour Vertue, and to Vice are Foes. 
_ Conſider, then, th elaborate Pains he took ; 
* And thank him «as thou profit ſt by his BOOK. 


' Will. Leybourn. 


*e M 


4 ADVERTISEMENT. 0#- _ 


T Cherry-Garden-Stairs on Rotherbith-Wall, are 
A Taught theſe Mathematical Sciences, wiz. 


Arithbmetick, Surveying, _ 
Gromeny, Gauging, | Is 
T rigonometry, | Gunnery, : ; 
Navigation, Fortification. ; 
Aſtronomy, Merchams Accompts, 

Dialting, | Algebra, 


The Uk of the Globes, and all other Mathematical _ "4 
Inſtruments ; the ProjeQtion of the Sphere on any 
_ Circle, 


By F AMES ATKINSON. 


There are alſo made and ſold all forts of Mathema- 
tical Inſtruments, in W ood or Braſs, for Sea or Land, 
with Books to ſhew the Uſe of them: Where allo you 
may have all forts of Maps, Plats, Sea-Charts in 
Plain or Mercator, on Reaſonable Terms, | 


BOOKS of Navigation Printed for and Sold by 
Richard Mount, at the ancient Shop at the Poſtern 
on Tower-flill * Ty ET 


E oro ine; containing the Art of Navigation at large, &c, By Capt. Sturmy, 
The Coaſting Pilot for England, Holland, France, Flanders, Oc. 

The Engliſh Pilot for the Channel, . 

The Engliſh Piloc for the Screights. 

The Engliſh Pilot for the ſtſt- Indies, 

The Engliſh Pilot for the Eaft- Indies. 

Sea-Atlas, comaining Charts of the Sea-Coaſts of the whole World, 

Great Britain's Coaſting Pilate, by Captain Collins. 

The Mariners New Kalkendar, By Nathaziel Co(on. 

The Seaman's Kalendar, By Henry Phillips. 

The Seaman's Pratice. By Richard Norwood. 

Norwood's DoQrine of Triangles, (with Logarichms) applied to Navigation. 

A _ of Navigation, being a Treatiſe of the whole Art. By M. Norwood. 

Practical Navigation, being an IntroduRion tothe whole Art. By F. Seller, 

The whole Arr of Navigation. By Daniel Newbouyſe, G 

Errors in Navigation, dereRed and correted. By Edw. Wright. 

RIRIER Artof Gunnery, containing moſt neceſſary Concluſions for the Prattice of Gunnery; 
either for Sea or Land-Service. By Capt., Thomas Binning. s 

The Safeguard of Sailers ; deſcribing the Sea-Coaſts, 

Advancement of the Art of Navigation, By Hemy Philitps. 

The Compleat Modeliſt, or Art of Rigging 3 ſhewing how to raiſe the Model of any Ship or Veſſel, either in 
Propdrtionor out of Proportion ; and to find the Length and Bignels of every Rope inal! Veſſels cxaQtly, with 
the weight of their Anchors and Cables, = Miller. 

The Boatſivain's Art 3 ſhewing the Art of Rigging of any Ship. By Henry Bond. 

The Compleat Ship-wright z reaching the Proportions uſed by Ship-wrighes, according to their Cuſtom 
of Building ; with drawing of a Draught, the making and marking of a Bend of Moulds, with a 
Table of . By Edn. Buyſbnel, Ship-Wright. 

The Geometrical Seamen, By Henry Phillips. 

The Seaman's Companion. By M. Norwood. 

The Seaman's Glaſs, ſhewing the uſe of the plain Scale in Navigation, e&*:, 

os Diloguer; and Dittnary explaining ll the 

. es; anda Di&ionary in! Parts of a Shi i 
ts d. « Se By Cape, Bader explaining hip, with the words of Art and Phraſes 
pirome of the whole Art of Navigation, containing an eaſy methodical way to become Þ 
ay apap By Janes Hm, Toe r of the Mathemaricks, g d reliecny 
pitomy of Nayigation, , ſhewing the DoQrine of Triangles, and all the three Kinds of Sailing; Aftrono- 
8 gay » With uſeful IN RR. By F..- Gellibr and. 
orwood's Epiromy, containi ain Mercator's Sailing, and uſeful Tables i igati | 
large and uſeful Additions, by Fames At Inſon, X _— OO 
Mariners —_—_ reQified, By A. Wakely. corre&ed and much enlarged by F. 4thinſon. 

The uſe of the double Scale of Proportion in Navigation, &c. By S. Partridge. 

as ar ao oe BY Peter Perkins, RF 

Mathematical Manual z of Navigation, Gunnery, Dyalling, &c. By Henry Phillips, 

The Rule of Proportion explain'd in Navigation, "os. jy Eamon Wingate. : 


There are alſo ſold all ſorts of Mathematical avd Sea-Books in Engliſh, Waggoners or Charts for all 
parts of the World ; or Books of any other Subje&ts, as Divinity, Hiſtory, Travels &c, and Bibles, - or 


ahy other Books bound ; Jourial-Books rul'd ; all f co? pe 
ir CR ENS IV 5 07 0m OE Rs Rr 204.008, and only 


"4 
Do _ 
ce 


ſe 


24 @ FL: YC/1, FF 


£4 Ku "977 


That tic ary u A Yr ngynne@ FO JEWE BY 
And thoſe that will be compleat Sea-Artiſts, had need to endeavour. to have ſome kill 
and underſtanding in moſt of theſe” 


Arts, namely, the Theorick and Prattick parts, 
whereby they may be fully informed of the Compoſition of the Sphere in genera] ; and 
1" particular for the Figure, Number, and Motion made in the 
Moveable, called Primum Mobile, and 


likewiſe of the firſt, ſecond, third, fourth bh, 
fixth, ſeventh, eighth; and ninch Heavens. 


. . by 9 
It will alſo inform them how the Elements 
are diſpoſed, with their quantities and ſituations, eſpecially in 


the Compoſition of the 

Sphere of the World, which is commonly underſtood to be the whole Globe of the Hea-. | 
rein containedz which is divided into two parts, Elementary 

entary hath again four Parts, viz. The firſt is the Earth, which 
q » Maketh a perfe& Round Globe, whereupon we 
dwell'z and therefore the Nature thereof and the Circles which are ſuppoſed to 
contained in that Sphere, are fic to be known. -The next is the Air, comprehending 
the Earth 3: and the fourth the Fire, which according tothe opinion of Philo 
taineth the ſpace which is between the Aon the Heavens, or Circle of the Moon- 


Out 


BOOKS of Navigation Primed for and Sold by 
Richard Mount, at the ancient Shop at the Poſtern 
on Tower-Hlill + 1D 


© th E Mariners Magazine; containing the Art of Navigation at large, &c, By Capt. Sturmy, > 
The Coaſting Pilot for England, Holland, France, Flanders, Gc. 

The Engliſh Pilot for the Channel, . 

The Engliſh Pilot for the Streights. E 

The Engliſh Pilot for the ſt/t-Indies, 

The Engliſh Pilot for the Eaſt- Indies. 

Sea-Atlas, comaining Charrs of the Sea-Coafts of the whole World. 

Great Britain's Coaſting Pilate, by Caprain Collins. 

The Mariners New Kalendar, By Nathaziel Colſon. 

The Seaman's Kalendar, By Henry Phillips. 

The Seaman's Pratice, By Richard Norwood. 

Norwood's Dofrine of Triangles, (with Logarithms) applied to Navigation. 

A ow of Navigation, being a Treatiſe of the whole Art. By M. Norwood. 

Practical Navigation, being an IntroduQion tothe whole Art. By F. Seller. 

The whole Arr of Navigation. By Daniel Newhouſe, . 

Errors in Navigation, dere&ed x corrected. By Edw. Wright. 

A Light to the Art of Gunnery, containing moſt neceſſary Concluſions for the Praftice of Gunnery, 
either for Sea or Land-Service. By Capt. Thomas Binning. | : 

The Safeguard of Sailers ; deſcribing the Sea-Coafſts, 

Advancement of the Art of —_— By Henry Phillips. 

The Compleat Modeliſt, or Art of Rigging 3 ſhewing how to raiſe the Model of any Ship or Veſſel, either in 
Propdrtionor our of Proportion ; and to find the Length and Bigneſs of every Rope ina!l Veſſels cxaRly, with 
the weight of their Anchors and Cables, By T. Miller, 

The Boatſwain's Art 3 ſhewing the Art of Rigging of any Ship. By Zenry Bond. 

The Compleat Ship-wright ; reaching che Proportions uſed by Ship-wrights, according to their Cuſtom 
of Building ; with the drawing of a Draught, the making and marking of a Bend of Moulds, with a 
Table of Squares, By Edm. Buſbnel, Ship-Wright. 

The Geometrical Seamen, By Henry P w_ 

The Seaman's Companion. By M. Norwood. 

The Scaman's Glaſs, ſhewing the uſe of the plain Scale in Navigation, ec, 

In _ Om by, Captain = Smith, 

a-Dialogues; and a Di&ionar ining all the Parts of a Shi I W 
2 « roar By Cap es y expiatning p, with the words of Art and Phraſes 
An Epitome of the whole Art of Navigation, containing an eaſy methodical way to become be 
PRE: By James rs TR r of the Mathemaricks, f l T I 
pitomy of Nayigation, , ſhewing the Dorine of Triangles, and all the three Kinds of Sailing; 
7 ag xt with uſeful Kay Ro By P.- Gellibr and. FOO 
orwood's Epiromy, containing Plain Mercator's Sailing, and uſeful Tables i igati | 
large and uſeful Addiion, by Tames At Inſon, " =O 
Mariners Compaſs reQified, By A. Wakely. corre&ed and much enlarged by F. 4thinſon. 
The uſe of the double Scale of Proportion in Navigation, &c. By S. Feld: BE 
hl oct DG, os. Peter Perkins. . : 
Mathematical Manual z of Navigation, Gunnery, Dyalling, &c. By Henry Phillips, 
The Rule of Proportion explain'd in Navigation, — py Eamond Wingate. F 


| There are alſo ſold all ſorts of Mathematical and Sea-Books in Engliſh, Waggoners or Charts for all 

ig of _— or Books of = __ pg as rp arc Hinges Travels &c, and Bibles, -Or 
ny 3 journal-Books rul'd ; . 3 
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This Scale and all other Inftruments for the Mat hem ati call Practice are made by Walter Hayes at the Creſs 97 ggers mn M oore } 
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TheſeNaturall and Artificial iScales are deſcribed. at Large nith their Fundaments 
Mathematicall concluſions, with many other Inftrunents, the makeug a! 
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 feilds next dore to the Popes head Taverne . and by John Henſhaw near the Mernutage bridg n Wappummg 
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The SCALE of SCALES 


all Ding 1 
211d neceſſary uſe where of Ls Demonſtrated . 


rants tn the Second Booke of this Treatiſe, 1111 4therr uſe exemplified in the Reſolu 


Place thus to front -folto {. 
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rall and Artficiall Scales ar e deſcribed at Large ith their Fundamentall Diagram. LIN the \ 
Mathematicall conclu LON, with many other Inftrunents, the makeing and neceſſary uſe wh 
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The Argiament or peſcription.of the Art of Navigation in general. 


Avigation of all Arts and Sciences ( ſetting Divinity aſide) bath much reaſon 
to have the preheminence z it being of ſuch neceſſary and publick Concern- 
ment; and what Ufſe there is made of it by Sea-men at this preſent, as Well as 

- hath been in times paſt, All men know ; to whom theſe Countries are behol- 

den for their good Service, whoſe Courage hath kept Great Britain, Queen and Regent of 3 

the Sea, which deſerves it well, in reſpect of the Skill and Valour of her Mariners, and = 

Goodneſs and Number of her Ships. 1 wiſh as long as the Sun and Moon endures, That fn 

they may maintain their Courage, and improve their Art, as they ever have, againſt all ri 

Nations that have been England's Enemies; and ever_may they crown their Undertakings W 

with everlzſting Credir. | ; 

TheArt of Navigation being ſuch,l think I may be bold to affirm without preſumption, 

This Art is more neceſſary for the well-being and honour of our Nation, than any other Arc 

' or Science Mathematical, which is rhore carefully kept in the Univerfities. Look upon 
Grammar, Rhetorick, and Logick, theſe are but [ntroduQtions to other Arts 3 Muſick is 

but of litrle uſe. l 

The chief Profeſſions now in the Univerſities are Phyſick and Law. Without envy be 
it ſpoken. we may as well live as the ancient Romans without Phyſicians, and as honeſt 

Neighbours without Lawyers, better than without skilful Sea-men, which are the chief 

Importers of our Wealth, and Supporters of our Warfare. | | 

Beſides that, of all 2ſathematical Sciences and Arts profeſſed in the Univerſities,of this 
Art of Navigation is made the moſt general and profitable uſe : For what can the Scholar make 
of his Geometry» with all the nice and notional Problems thereof ; or of Aſtronomy, with 
all his curious Speculations about the Motion of the Planets, wizhont they be applicd to 
ſome more Mechanical and PraQtical Arts, as Coſmography, Geography, Surveying Dy= 
alling, Architecture, Military Employments ? which ſhall in ſome meaſure (ſufficient 
for the help of Mariners) be ſhewn in the following Treatiſe, wherein it will appear; 

That the Irt of Navigation comprehends them all in the uſe thereof. 

And thoſe that will be compleat Sea-Artiſts, had need to endeavour. to have ſome kill 
and underſtanding in moſt of theſe"Arts, namely, the Theorick and Prattick parts, 
whereby they may be fully informed of the Compoſition of the Sphere in general ; and 
in partieular for the Figure, Number, and Motion made in the Heavens by the higheſt 

Moveable, called Primum Mobile, and likewiſe of the firſt, ſecond, third, fourth, fifth, 
ſixth, ſeventh, eighth; and ninth Heavens. It will alſo inform them how the Elements 
are diſpoſed, with their quantities and ſituations, eſpecially in the Compoſition of the 2 
Sphere of the World, which is commonly underſtood to be the whole Globe of the Hea- = 4 

. vens, with all that is therein contained z which is divided into two parts, Elementary < 

and Celeſtial. The Elementary hath again four parts, viz. The firſt is the Earth, which 

together with the Water, as the ſecond, maketh a perfe& Round Globe, whereupon we ; j 

dwell'z and therefore the Nature thereof and the Circles which are ſuppoſed to y 

be contained in that Sphere, are fir to be known. -The next is the Air, comprehending g 

the Earth 3: and the fourth the Fire, which according to the opinion of Philoſophers con- 

taineth the ſpace which-is between the Air Ls the Heavens, or Circle of hoaunge ned 
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Out of theſe Elements, which are the beyinning of all things that are ſabjeC to change; 

. together with the warmth of the Heavens, all things do come forth, and decay, as we 
ſee and find upon the Earth, by the continual Change and Motion of the one into the 
other. 

The Celeſtial part (containing within the concavity thereof the Elementary) is tran- 
ſparent and perſpicuous, ſhining, ſevercd and free from all mutability ; and is divided 
intoeight Spheres, or concave Globes, which are called Heavens, whereof the greateſt 
doth contain the next unto it ; the ſeven Inferior haye in each of them but one Star or 
Planetonly, whereof the firſt (the next tothe Earth) 1s the Heaven of the Moon ; the 
ſecond of Mercury ; the third of Venus; the fourth of the Sun ;, the fifth of Mars ; the 
fixth of Jupiter z, the ſeventh of Saturn; and the eighth of all the fixed Stars. The 
Number of theſe Heavens are known by their Courſes round about the Poles of the Zo- 
diack. The Moon runneth throvgh her Heaven by her natural Courſe from the Weſt to 
the Eaſt in 27 Days 8 hours; Mercury, Venus, and the Sun, their Courſe in a Year ; 
Mars his Courſe in two years, Jupiter in 123 and Saturn in 30 years 3 the eighth Hea- 
ven, according to the obſervation of Tycho Brahe, in 25400 years. 

Theſe Heavens are all carried together in 24 hours about the Axis of the World by 
virtue of the Primum Mobile, that is, the firſt Moveable ; by which Motion is cauſed the 
Day and Night, and the daily Riſing and Setting of the Celeſtial Lights, But more of 
this in another place, for what | have here made is a Digreſſion, So that no Art is more 
capacious; and were the Excellency well underſtccd, and put in practice as it might be 
(as Mr. Philips ſaith in the like caſe) no Employment would be more hoyovurable and ad- 
vantageous for the moſt generous Gentleman and Learned Student, than this of Navi- 
gation ; thus it was in eſteem in the days of Queen Elizabeth, 


When Drake and Candiſh ſayfd the World about: 
And many Hero's found new Countries out, 

To Britain's Glory, and their laſting Fame ; 
Were we like-minded, we might do the ſame. 


The PraQtick part of Navigation is properly placed in making and uſing of Inſtrn- 
tents, which is ſhewn in the Second Book. - Yet there 1s a certain Compolition in the 
Praftick, more rare than all the reſt, in the Compleat Sea-Artiſt ; and thar is the right 
Words and Phraſes uſed in guiding, governing, and ruling the unparalleld Fabrick of 
a gallant Ship, which hath been omitted by moſt men that have writ of this Art; there- 
fore I ſhall explain it with my Pen, becauſel know with proper Phraſes how to perform 
It, not hindring any other (as they not me) to ſhew truly and lively their Skill in con- 
trolling, guiding, and working a Ship, according to all Weathers at Sea; although this 
be of no uſe to Sea-men, that have been all their Life-time at Sea, but for Gentlemen on 
Shore, to read for their Recreation the Words of Command at Sea, may be delighttul 


unto them. | 

In regard all Arts and Sciences are divided into two principal parts, that is, the Theo- 
rick and Practick, and this I take upon me to demonſtrate according to my Ability, which 
will give the moſt reaſonable men ſatisfation 3 and for the unreaſonable, I care not a fig 
for them 3 for | know it to be impoſſible for any Man to be a coinpleat Sea-man, wherein 
this Knowledge is wanting, they being both inſeperable Compantons which always waic 
upon Perfe&ion. I ſhall draw out the Deſcription in as ſma]l a compaſs as can be, and 
haſten to the moſt material Praftice, 


# 


CHAP. II 


Of what i4 needful firſt tobe known in the Prattick. Part of Navigation 4 of the Compals, 
and bow to divide it. 7 


d he principal Hatd- Maids that expert Seamen are furniſhed with, that their rage al 
.& takings way becrowned with everlaſting Credit, are theſe, wis. Arithmetick, 
metry, Trigonemetry, and Aftronomy. By the _——_— of theſe loving Siſters, and ex- 


cellent Arts, as bath been ſeid, Navigation is daily praftiſed by expert Seamen : bur muck 
abuſed by hundreds of ignorant Aſles, that know nvthing what beloogs to them, yo 
. n | 0 
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do undertake Voyapes, to direft a Ship upon the Terreſtrial Globe, reſting wholl upon 
favourable Fortune, which hath made ſome of them famous ; buc many times diſaſki 
Periods have ended their Undertakings, wirh the loſs of mary Mens Goods and Lives ; 
which yet | muſt confeſs have and do happen to the moſt Skilful, but not ſo often as to 
them, by a great deal. But ro come to the Subſtance of whar is here intended, 1 would 
have it to be underſtood, That he that intendeth the Art of Navigation, hath Arithme- 
tick in readineſs. If he want it, he may be inſtruſted by divers Books extant. As for 
the Trigonometrical and Aſtronomical Knowledge, ſo much as is uſeful for Seamen, 
will be ſhewn in the Proj:Ction and uſe of divers [aſtruments, which will after follow 
in irs due place, In this Treatiſe we will come to the Sea-Compaſs, that we may pro- 
ceed in a regular form: The knowledge of it is the Root of that famous Art we chiefly 
treat of, and preſents It ſelf as the firſt Principle framed by God, in the Operation and 
Nature of the Magnet, which being in its Q»ality beyond our Capacities, yet it is the 
firſt thing to be learned and underſtood, it being the foundaticn to all the following Con- 
cluſions, and is firſt raught to our Youths and Boys which are intended for Navigators. 
They are taught firlt ro know the Points un the Chard, by what Names they are called; 
to ſay them perfeftly forwards and backwards 3 to know that ro every Point of the Com- 
paſs there is allowed for Time } of an hour, which 1s 11 Degrees 15 Minntes; and 
how to number the Hours from the North and South, either Eaſtward or Weſtward; 
readily to anſwer as ſoon as demanded : As alſo to know how-the S hip Capes , that is, 
to know the Point of the Compaſs that looks ſtraight forwards to the Head of the 
Ship; As likewiſe to know upon what Point of the Compaſs the Wind blows over 3 that 
is, if the Wind beat North, it blows over the Flower-de-Luce toward the South ; and 
ſa of thereſt, So we teach them to know woat Point the Sunis on: As alſo they learn 
to ſt the Moon on the Full and Change days, to know the Tides by, as ſhall be ſhewed. 
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The Compaſs we ſteer our Ships by, is only a Circle of ſome 8 Inches diameter z and 
is divided into 32 Points, which have ſeveral denominations, as you may ſee expreſſed 
in the Figure. The whole Circle is divided into 360 Degrees, and 24 Hours : The 
Compaſs alfo contains 16 diſtin Rhowbs or Courſes; for each ſeveral Courſe hath two 
Points of the Compaſs, by which it is expreſſed. As for Example 3. Where there is any 
place ſituated South Eaſt, in reſpect of another place, we ſay the Rhomb or Courfe thar 
runneth betwixt them, is South-eaſt and North-weſt ; or if it bear South, we call the 
bearing North and South ; or if Weſt, we ſay Eaſt and Weſt. The Compaſs ſwings 
in the Boxes,the Wyers firſt well couched with a good Load-ſtone,and the Chard ſwim- 
ming well on the Pin, perpindicular in the middle of the Box ; it repreſents the Horizon, 
So that when you eſpy any Iſland, Rocks, Ships, or Cape-Lands, by looking ſtraight 
upon the Compaſs, you ſhall know upon what Point of the Compaſs the Objett bearerh 
from you. But we will haſte to ſhew the young Prattitoners the Sea-Compaſls, with the 
32 Points, expreſſed by the Letter upon each Line, and alſo how to make it. 


Hew to divide the Mariners Compaſs, 


[rſt draw a Line at pleaſure, and croſs it in the midſt with another Line at right An- 
F glesz Then in the crolling of theſe two Lines ſet one foot of your Compaſſes,and open 


-_ 


the other to what diſtance you pleaſe, and with that diſtance draw the Circle, which by | 


the croſs Lines of Eaſt and Welt, North and South 1s divided into four Q1adrants or 
equal parts, each of them containing ſix hours apiece ; ſet VI at Eaſt and VI at Weſt, 
X(1l at North and XII at South, ſo you have the four firlt Diviſions of your Figure : Then 
keeping your Compaſs at the ſame diſtance as you drew the Circle, ſet one Foot in the 
croſſing of the Line and the Circleat the Eaſt VI, with the other make two Marks at II 
and X. Then ſer one Foot in the Weſt VI, and on the other ſide mark out the honrs 
of Il and X, as before. Keeping the Compalſles ſtill at the ſame diſtance, ſet one foot 
at South XII, and with the other you ſhall mark out the hours of VIII and IlIT. Then 
ſet one foot of your Compaſſes at North'XIl, and in the ſame manner mark out the 
hours of VIIl and HIT. Thus the Circle 1s divided into 12 equal parts, and each of them 
contains 2 hours apiece z ſo that it will be eaſie for you to divide each of theſe into two 
parts ; which done, you have the 24 hours. Laſtly, you may divide each hour into 4 
equal parts, which will be quarters of an hour, as you may ſee in the Figures. 

To divide a Circle into 360 equal parts, is a thing very. neceſſary tor in all Que- 
ſtions in Aſtronomy, and in the Calculation of all Triangles, theſe parts are the mea- 
ſure of the Angles : So that in reſpeQt of this, every Arch is ſuppoſed to be divided in- 
to 360 6qual parts or Degrees 3 and every Degree is ſuppoſed to be divided into 60 
leſſer parts, called Minutes. Todivide a Circle after this manner, draw a Line at plea- 
ſure, and croſs it at right Angles with another Line, and draw a Circle as before. Keep 
your Compaſſes at the ſame diſtance, and divide the Circle from the 4 quarters into x2 
equal parts, as before in the hours : Then cloſing your Compalles, divide each of theſe 
into 33 ſo you bave in all 36 parts. Then divide each of theſe parts into. 10 other 
parts, as you may ſee in the middle Circle of the Figure, which are Degrees, numbered 
with 10, 20,.30, &c. 

For the 32 Points of the Compaſs, draw the Line of North and South, and-croſs it 
at right Angles with the Line of Eaſt and Weſt, and draw the Circle, as before; then 
divide each of theſe quarters into 2 Parts: ſo is your Circle divided into 8 equal parts. 
Then cloſing your Compaſſes, ygu may eaſily divide theſe 8 parts into 4 ; divide one, 

and that diſtance will divide all the reſt into equal parts, if you have done right. And 
ſo you have the 32 Points of the Pay 0 and ſo you may ſubdivide theſe Points into 
halves and quarters, as you may ſee in the Figure. $6 haye you made the Mariner's 
Compaſs. The uſe ſhall be ſhew'd in its place. | 


Chap. II. T be Compleat Mariner. 
The Figure of the Compaſs, and the Traverſe Duadrat, joyned together. | 
B The'V-? T:1a21+449. {The Exft Longitude, C 


Y 12 #10 10 Go ${0 4Þ 319 hho zo fo ifs © 310446 No oOHWHOcC 
U \\ = LL 
.k N£ 
= 1 T/o O S 
Le 4 0 VE) Q 
zD 4 Ul » 2 = 
V OCR & RV 
= - <Z. / 4A I 
I © 0 VS I | Es & = 
< To od WIS NE Y- 0 S 
by WF > IS 4 8 

= S VG < EN ha 

__Rel [d at 9 
Oo ww Þ 

- 

S O 

SE > 6 
YJ'5 £ XJ XG As 
I WIFI Gan AND. S 
S js > & be þ | \n B08 T 
ou 
O G 6 = _ 
8. ht OE & ov B 
= 9 Oo 0 RL 
DY 6 F Q 
> T Bs 
812 Jo o UMo1 ” 0 29 : 


A The Weſt Longitude. | ihe taſt Longtrude. D 


The Traverſe Quadrat ſheweth the making of the Traverſe Table, in Book 4. Chap. 3 
Of Sayling by tlie plain Sea-Chart. 


Of the Ebbing and Flowing of the Sea, and the Moons Motion, 


HE Practitioner in Navigation, is next to learn to know the certain time of the 
Flowing and Ebbing of the Sea in all Ports, called by Sea-men the ſhifting of Tides ; 
which is governed by the Moon's Motion, as it is found by Experience. | 

Wherefore I will firſt ſhew the uſe of a ſmall Inſtrument, which is here framed, 
whereby the meaneſt Capacity (which is void of Arithmetick) ſhall be able to know the 
Age of the Moon, with what Flood and Ebb it maketh in all Channels, and in every Port 
and Creck at High-water ; and alſo what a Clock it isat any time of the Night ; and di- 
vers other Queſtions, only by uſing the Inſtrument, atcording as ſhall be direCted, 

I ſhall alſo ſhew you, how you may do all theſe Queſtions of the Tide Arithmetically : 
But firſt by your Ioſtrument. It muſt be projeCted according to the following Figure, 
which you may make of three pieces of Board, well planed, and exattly divided, ac- 
cording, as you ſee it formed in the Figure. The outward Circle, being the biggeſt 
Board, bath the 32 Points of the Compaſs : The inward Circle on the ſame Board is di- 


' vided into 24 Hours, being the thickeſt Board : The ſecond Circle muſt be divided into 


30 equal parts, repreſenting 30 natural days : The innermoſi Circle of the three hath 
an Index, and to be turned and applied to either the 3odays, containing the Computa- 
tion of the Moon betwixt Change and Change,or the 24 hours ; as likewiſe to the Points 
of the Compaſs. And ſo may the other Index be applied either to Time, or the Points 
of the Compaſs, which ſhall be made plain by the following Queſtions ; which will ap- 
pear delightful and eaſy. The illeterate man will find it moſt uſeful; and he that hath 
better Knowledge will ſometime uſe the Inſtrument for variety ſake. 


A uſeful Variation Compaſt. 


LI Pon the upper Circles of the Inſtrument I baye ſet a moſt uſefnl Variation Compaſs; 
A eaſy to be undetſtood, and as exact as any Inſtrument whatſoever for that pars 
E pole; 
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—_— have full direQtion how to uſe them in the following Diſcourſe, whe: 


when 
we come to treat of the Variation of the Compaſs. But this obſerve, the middle Com- 


{ repreſenteth the Compaſs you ſteer your Ship by, which is ſabje& ro Variation ; - 
bat the upper Compaſs and Circle repreſenteth the true Compaſs, that never varieth ; 
and by it you may very readily know how to allow for the Yariation of the Stcering- 
Compaſs. The inward Circle of the middle Compaſs is divided into 3a Poirts, with 
theic halves and quarters ; and likewiſe the outward Circle of the ſmaller or vp;.er Com- 
paſs. ?Tis too hard for PraCtitioners at firſt to know how to uſe this Initrument, to 
rectify the Variation of the Compaſs; therefore I ſhall dwell no longer on this Diſ- 
courſe, but proceed to what was promiſed, and ſhew the farther uſe of it afterward. 


PROP. 1. The Moon being 16 old, 1 demand upon what Point of the Compaſ; ſhe will 
be at Y of the Clock at Night, WP , 


In all Queſtions of this Nature you have the Hour and Time piven, and the Moons 
Ape, to find the Point of the Compaſs. To anſwer theſe Queſtions, place the middle 
Index of Sel or the Sun on-$ of the Clock at Night » then bring the upper Index of 
Luna or the Moon right over the 16th day of her age, in the middle Circl: f the -un, ,- 
and the Index of the Moon or upper Circle Points, to E.b.S. half a point Southerly. the 


true _ of the Compaſs the Moon will be, when ſhe is 16 days old, at 8 of the Clock 
at Night. 


' PROP. I]. Moon being 16 days old, 1 demand, What i the Clock nhen ſhe ts upon the 
' S. E. Pont, | | 


In Queſtions of this nature, you have the Point of the Compaſs, 2s well as the Moons 
Ape : therefore turn the Index of the Moon to the South-Eaſt Poirr, keeping the Index 
faſt to the Point, bring the 16th day of her Ape in the middle Circle tigh: under Lungs 


Index, and the Index of the Sun points and ſhews you 10a Clock at Night, that the 
Moon will be South-Eaſt. - f 


PROP. Ill. The Moen being S, E.v.S. at '$ of the Clock at Night, I demand, How ma- 
ny days old ſhe 5s. : 


*. -. In ſuch likeQueſtions, you muſt firſt put the Index of the Moon to the Point of the 
-.." Compaſs South-Eaſt by South, and the Index of the Sui ſer to the hour of the Night x 
then look where the Index of the Moon cuts the Circle of Days, and you ſhall ficd ir cut 

the 13th day of the Moons Age required. 


PROP. IV. Th: Moon being E.S. E. and the Sun W. N.W. 1 demand the Moon's Are; 


-"Inall Queſtions of this nature, obſerve what you have given ; then pot the Index of 
theMoon to the E.S.E. Point, and hold it ſteady whilſt you put che Index of the Sun 
to Weſt-North-Weſt, and then look where the Index of the Moon cuts in che Circle of 
Days z and yoy-ſhall find it cut the 1 5tþ Day of her Age, that is the Day ſhe was art the 
Full, and anſwereth the Queſtion deſired, . 


PROP: V, Moen bein 9. Days od, 1 demand the time of the Day ſve will be E. IN. E. 


In all theſe ſorts of Queſtions, you muſt put the Index of the Moon to the Exſt North- 
eaſt Point, ſtop it faſt there, and turn-the lndex of the Sun about until the* 1 57h day of 
her Age is under the lndex of the Moan; then look what hour the Index of che Sun\. 
is upon, and you will find it 6a Clock 3 which anſwers the time of the day required. 

This is worth your Obſervation, That if the Index points to_the Eaſtwaid of the 
North and South, it ſhews the Morning 12 hours; if ir points to the Weſtward ofthe 
North and Sonth, it ſheweth the Evening 12 hours. Thos you fee how ready the Pra@ti- 
tioner in Navigatiop:-may have the Uſe of this Inſtrument, and by often praRiſing, it 
may be in a ſhort time ſo imprinted in his Mind,that as ſoon as be hath occaſion to uſe ir, 
he will be able to reſolve it by Memory,which is an excellent Ornament to a young Mari- 
her. Therefore let ſo much ſatisfie for the Uſe of the Inſtrument in ſuch like Queitions. 


PROP. 6. By the Inſtrument to find the time of Ebbing and Flowing, in a Port, River, &c) 


© Note, You are to obſerve juſt at tbe time of High-Tide, what Point of the Compaſs 
| the Moon is vpon that day which ſhe hangeth: in any Port, Riyer or Creek, where you 
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wou!d know the Ebbing and Flowing of .the Tides, and time of High-Water or Full 
Sea- This being found, you may know what hour belongeth to that Point of the Com- 

aſs, by turning the Index of the Moon, as before was ſhewed. So you may be ſure to 
? wa the hour always under the Index, on the Change-day, throughour all the Points of 
the Compaſs 3 and ſo we ſhall proceed to Examples. 


PROP. 7. The Moon being 16 days old, I demand what a Clock it will be Full- Sea at Briſtol, 
Start-point, Waterford, where an E. by S. or W. by N. Moon on the Change-day makes 
the Full Sea? 


You are to conſider the Point of the Compaſs the Moon is upon in theſe Ports, when 
it is Full-Sea on the Change-day (as in all other Ports) which in theſe Ports is found by 
obſervation to be always Eaſt-by-South Moon (which 1s 6 hours 45 minutes) bring the 
Index of the Moon to the Weſt-by-North Point, ſtaying it there; bring the 16th day 
of her Age under the Index of the Moon,and the Index of the Sun will point you to 7 of the 

| Clcck and half an bovr paſt,the time of Full-Sea in the Morning, If it be the Evening-Tide, 
7 bring the Index of Luna to the Eaſt-by-South, and ſtay it there, untill you have brought 
! 16 days under the Index of Zuna, and the Index of Sol will point direftly upon 
Z half an hour after 7 of the Clock at Night, the time of Full-Sea in the aforeſaid Ports. 
® So you may know in every other Port in the ſame manner, if you do as before directed. 
Z And take this for a Rule, That the Moon betwixt Change and Full is eyer to the Eaſt- 
2 wards of the Sun, and riſeth by day, till ſeparating it felf from the Sun until ſhe be 
# the Full : Then after the Full, in regard ſhe hath gone more Degrees in her ſeparation 
& than is contained in a Semicircle, ſhe is gotten to the Weſtward of the Sun (riſing by 
Z night) and applieth towards the Sun again until the Change-day, which you may ſee 
* plainly demonſtrated by the Inſtrument. 


i PROP. 8. The Moon being 16 days old, I defire to know at what hour it will be Full-Sea at 
Z London, Tinmovth, Amſterdam, 4nd Roterdam, when 4 S. W. and N E, Moon make: 
4 Full-Sea upon the Change- day. 


3 foreſaid Ports, when the Moon is to the Eaſtward of the Sun, that is before her, bring 
2 the Index of the Moon to the 5. W. Point ;, then turn the 16th day of her Ape under 
Z the Moons Index, and the Index of the Sun anſwereth the Queltion, That it is Full-Sea 
J atall the aforeſaid Ports at 3 of the Clock agd }; in the Morning, the Moon being 16 days 
2 old. 

1 PROP 9. At Yarmouth, Dover, and Harwitch, where a S. S. E. Moon maketh Full-Sea 


on the Change: day, the Moon teing g days old, I demand the time or bour of Full-Sea that 
day in the aforeſaid places, | 


S Here it hath been found by experience, that a S. S. E: Moon makes Full-Sea on the 
Change-day, in the aforeſaid places; therefore bring the Index of the Moon to theS; 
. E. Point, keep It there faſt direQtly on the Point, and bring the Moons Age to cut the 
ige of the Moons Index, and the Index of the Sun will ſhew you, that the time of Full- 
ea in the aforeſaid Ports, will be at 5 a Clack and 3; in the Morning, 


High-Water or Full-Sea on the Change-day; the Moon being 23 days old, I demand the 
_- of Full-Sea that day in theſe places. 


You have here given you the S. W. by S. Point of the Compaſs; therefore bring the 
Indewof the Moon, and ſtay it on that Point, and bring the 28th:day of her Age un- 
der the edge of the Index of the Moon, and the Index of the Sun will point you out 
the time of -Fall-Sea, which isat half an hour palt 12 of the Clock at Noon, inthe afore- 
aid places. And ſo are all Queſtions of this Nature anſwered. Now L-wjll/ conclude 
the Uſe of the Inſtrument for finding the Ebbing and Flowing of the Tide, and proceed 
to ſhew you Arithmetically how to find the Golden Number or Prime, the EpaCt and Full, 
Change, and Quarters of the Moon, and how to know her Age for ever 3 and/what Sign 
and Degree ſhe is in the Zadiack, : how long the Moon ſhineth, and what tine of the day 
or night.it is High-Water or Full-Sea in any Port 5 and alſo rhe Moons Motion, as far as 
it is uſeful for Mariners. | ; TIN 4 
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It is found by obſervation, That the S. W. and N. E. Moon makes Full-Sea in all the s- 


PROP. 10. At Sr. Andrews, Lisbon, aud Sr. Lucas, where -4 S. W. by S. Moon makes 
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1. To find the Golden Namber or Prime, according to the Julian or Old Account. 


Ou may obſerve this, That the Prime or Golden Number is a Revolution of 19 years, 
Y in which ſpace the Ancient Aſtronomers were of Opinion, that all the Aſpects be. © 
tween the San and Afoon did return to the ſame point of the Zodiack, that they were 
in 19 years before. To find this uſeful Number, you muſt do {thus : Always in thar 
year you would know the Prime Number, add 1 to the date thereof,and then divide it by 

19, and that which remaineth afcer the Diviſion is the Number required. 

(1 For-Example, In the Year of our Lord 1665, I demand what is the 

x7 Prime Number. Add to the Year of our Lord always s, which makes 

84 (3 1666 3 then divide that ſum by 19, the remain is' the Prime or Golden 

1666 (94 Number, as you may ſee by the Work ;, ſo the Prime or Golden Number for 

x99 that year is 13. This you ſee is very eaſie to do for any other year. Ob. 

Fo ſerve, that when you find nothing remaining after the Diviſion, that it is 

the laſt year of the 2ſoons Revolution, and you may conclude, that 19 is 

the _ for that year, Note, T he Prime beginneth always in January, and the Epat? 
in March. 


2. To find the EpaQt, and what it proceedeth from. 


He Epatt is a Number that proceedeth from the difference which is made in the ſpace 
T of one whole year, between the Solar year and the Lunar year. Note, The Solar 
year doth contain 365 days, 5 hours, 48 minutes; and the Lunar year (allowing 12 
Moons, there being 29 days,1 2 hours,44 minutes between Change and Change) doth con- 

tain but 354 days, 8 hours, 48 minutes. So that there is almoſt 11 

days difference between the Revolution of the Sun and 4407, at every 

years end, which difference makes the Epa. Therefore to find the 

Epad for any year, firſt you muſt know the Prime Nunber for that 

year, which we found before for the year 1665 to be 13. Then you 

muſt multiply this Prime Number 13 by 11 and it will make 143, 

which divideby 30, and there remaineth of . the Diviſio» 23, which 

is the Epa& for the year required. So | make no queſtion bur that 

you underitand bo to find the Prime and the Epat tor any year paſt, 

reſetit, or to come. Therefore I hold this ſufficient to expreſ< ſo ealie a thing as this 

" I have told you already, that the Epai always beginneth in March ;, but | ſhall make 

a ſmall Table for thoſe that are unskilful in Arithmetick, tor 3Z years to come, in the 
latter end of the Second Book. 


3. A Rule to find the Change, Full, and Quaretrs of the Meon. 


; Dd unto the EpaZ of the year propoſed the Number of the Months from 24arch, © 

including the Month of Aferch, and ſubtract that ſum trom 30, the remain thew- 
eth the Day of the Change : Bur if the Epat? be above 26, there this Rule faileth a day 
at the leaſt ; but at other times it will be no great difference : Therefore it may ſerye for 
the following Concluſions. 

For Example, I defire to know the New Moon in Ofober, 1665. The Epatt is 23 
the Months from March are 8, which added makes 3T,thence ſubtracted.leaves 1. which 
taken from 30, one whole Moon, there remains 29. So that the 29th day of 0G ober 
is the day of her Change, or New Moon, which by Calculation it is at 56 mio. pait 4 in 
the Morning. Having thus found the time of the New Moon, you may from thence 
reckon the Ageof the Moon, and ſo find the Quarters, or Full Moon. 

Thus the Moons Age is Days, Hours, Min: 
At the Firſt Quarter-— —_ 0] —Og — 7 
At the Full Moon —— 1 4—I——22 
At the Laſt Quarter — — _ 22 0Z3-——— 33 
At the whole Moon —— ——— ———29 I2——44 


4. How to find the Age of the Moon at any time for ever. 
' A Dd to thedays of the Month you are in, the Epa, and as many days more as 
A are Months from March, including March for one; andif theſe three Numbers 


added together exceed 30, take zo from it as often as you can, and the remain is her 
Age: Butif the Numbers added be under 30, that's her Age: For Example, 1664, 


the Eped is 23, I demand what Age the Moon is the 21ſt day of September ? From March 
to 
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to September is 75 Months, the Epa!? 23, and the day of the Month is 21 ; thefe added 
together make 51; from which ſubtraft 29, becauſe the Month hath bu® 30 days init, 
and the remain is 22, the Age of the Moon that day. Had it been the 224 of Anguſt 
and added them together, it would have made 51. Then to have taken 39 ont, there 
®had remained 21 for the Moons Age the 22d day of Auguſt. 


5. To find the Sign the "_ " 5 þ Motion for every day \"Age. | Motion: 
act | Days. |S. D. M. 
| Stronomers divide the Compaſs of the Heavens into 12 100 13 11 
Signs, which they ſet forth by theſe Names and Cha- 200 26 21 
raters; Aries , Taurus ©, Gemini Ii, Cancer ©, Leot\, | 3jo! Og 32 
Virgo "%, Libra *, Scorpio M,, Sagitarins £4, Capricornus VS, A- | _ on: 22 42 
quarius 2, Piſ:.s %, which you muſt be alittle acquainted with, | $ >< O5 83 
and with the place of the Sun in the Zodiack in each of theſe |'® F\,, 19 + 
Signs, which you have as followeth. 'B 703 o2 14 
Firſt know, That the Sun entereth the firſt Sign T the r1oth [5 $03 Is 26 
of March, 5 the 10th of April, It the 11th of Afay, © the | 9-3 28 35 
rith of June, 4 the 13th of Faly, 7 the 13thof Anguſt, = |= 1004 It 46 
the 13th of September, M the 13th of odober, 7 the 12th of |% I114 24 56 
Nevember,\$ the 11th of December, & the 1th of January, X the | S 12]5 08 oy 
8th of Febr.ary. This known, the place of the Sun is well |Z 13lo5 2r 18 
enough found by adding for every day paſt any of theſe, 1 Deg. 2 1406 Oz 28 
| For the S#nruns through theſe 12 Signs but once 1n ayearz; 2 15s I7 39 
the con in leſs than a month, vss, in 27 days 7 hours 43 min. = 16-7 00 49 
Note,that at every New Moon theS#n and Moon are/in one Sign and |S 1+ 07 14 ©0 
Degrce ; but the 47oon hath a motion of about 13 Degrees every = 18þ7 279 11 
day, as is ſhewed in this Table. Therefore according to the Age j3 1glo8 to 21 
of the 2100n add the Signs and Degrees of the Moons motion, 'S 20108 23 32 
to the place of. the Sun at the New Moon, and ſo you ſhall bave |'® 2ikg os 32 
the Sizn and Degree which the Moon is in at any time deſired. E 2209 19 53 
Example, A New Moen 1665, begins the 26th of November, |S 2; [0 O03 On 
and the Sun and Aon are both in 14 Degrees of . Now upon [2 2419 16 14 
the 11th of December, the Moon being 14 days old, I would 8 25jlo 29 25 
know what Sign the Moos is in. This Table ſhews, for the 14th | 25; 7 I2 35 
day of rh2 4/oons motion, you muſt add 6 S. 4 D. 28 min. tothg |< air 20 af 
ſaid 14 Degrees of &. 2%0 08 Fs 
Now counting thoſe 6 Signs npon your Fingers, reckoning the 2500 22 07 
Names of the $'gns in order from Sagitarim, VS ty & 2, XK 3, 30/01 oF 17 

VT 4, D 5, IT 6, ir falls upon the Sign Gemins, Laſtly, adding — 


the odd 14 Degrees, and the 4 Deg. of the Moons motion together, ſhews the place of the 
Mean to bein 18 Degrees of Gem. 


To know the time of the Moon's Riſing, Southing, and Setting. 


FEY her Riſing (know this) having found the place, or what Sign ſhe is in, ſeek out 
in the Kalendar what time the Sun is in this Sign and Degree, and there you ſhall 
find the true time of the Sun-Setting, being in that place : add this to the time of the 
Moon's coming to the South, it ſhews the time of her Setting ; and ſubtraCted from ir, 
ſhews the time of her Riſing. 

Thus up in the 11th of December, as before, the Moon being 14 Days old, and in the 
18th Degree of Gemzni, I deſire to know the time of the Moon's Riſing and Setting, 

Firſt multiply 14, the Moon's Age, by 4, divide the Product by | 
53 inthe Quotient will be 11 a Clock, and *, which is 12 min. ( H, M. 
that the Moon will be South that Night. Secondly, The Sun is @ So, 11 13 
in this Sign and Degree about the 30th of May, and then ſets at 8 O Sm. 358 10 
a Clock and 10 Minutes paſt, This ſubtrafted, ſhews the Riſing >. Riſ0 3 oz 
of the Moon to. be at 3 of the Clock 2 Minutes in the Afternoon. / Added 19 22 
The ſaid 8 hours, 10 mia. being added, makes 19 hours 22 minutes, © 0. 7 33 
which by caſting away 12, the remain ſhews the Moon's Setting to 
be at 7 of the Clock, and 22 min. paſt in the Morning, which anſwers the Queſtion de- 
fired z which may ſerve for ordinary uſe. 

F - PROP, I; 
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PROP. r. How to find when it is Fall-Sea in any Port, Road, Creek or River. 


1 have ſhem?d you already how to find the Prime, EpaCt, and Age of the Moon, at any 
time delired. Now we will proceed to ſhew you the finding of Full-Sea in any Place ; 
aS in manner following. _— Firſt, Carefully obſerve the time of High-water on the 
Change or Full of the Moon, in that Port or Place where you would know the time of the 
Full-Sea, or find by the Table what makes a Full-Sea in the ſaid Port. Secondly, Con- 
fder the Age of the Moon ; then by Arithmetick reſolve jt in this manner : Multiply the 
Moon's Ape by 4, divide the Produdt by 5, the Quotient ſhews the Moon's Southing ; if 
any thing remain upon the Diviſion, for every Vnit you muſt add 12 min, if It was 4 re- 
maining, it would be 48 min. to be added ; then add the hour that it Flows on the Full 
or Change to it, and the Total is the hour of Full-Sea ;, if it exceed 12, ſubtract 12 
from it, the Remainder is the hour of the day or night of Full-Sea, in any Port, River 
or Creck. Which I will make plain by ſome Examples, ( viz.) 


PROP. 2, The Moon 16 days old, I demand, What a Clock it will be Full-Sea at Briſtol 
Start-Point, and Waterford, where an E. b.S. and W,b.N, Moon maketh Full. Sea on 
Change or Full of the Moon, 


= 


Conſider here an E. b.S. Moon maketh 6 hours 45 Minntes,) &@ Age «+ 16 
and the Age of the Moon is 16 days: Therefore multiply the — 0 
Age by 4, and it makes 64 ; divide that by 5, and it is 12, ” 
and 4 remaineth, which is 48 min. ' To it add 6 hours 45 mi- #6 == 
nutes E. b. S. it makes 19 hours 33 minutes. Therefore ſub- | 64 (12 48 
tratt 12 hours from it, there remaineth 7 a Clock, 33 Minutes, 55 
the time of Full-Sea in the Morning at the aforeſaid Ports; | =. b. S. 6 4s 


which you may compare with your Inſtrument, and find it very} Total 9 33 
well agree. | Subtr, 12 ©0 
3 Full-Sea, 7 33 


PROP. 2 The Moon being 2.5 days old, 1 demand, What a Clock it will be Full-Sea at 
London, Tinmouth, Amſterdam, and Roterdam, where it flows S. W. 


Conſider that at theſe Places on the Full or Change-days a> Age C 25 - 


S, W. Moon maketh Full-Sea, which is 3 hours. Therefore mul- | RS. 
tiply 25, the Moon's Age, by 4, it makes 100. That divide 100 
by 5, in the Quotient will be 20, and nothing remain. Toit]. © 


add 3 ho. S. W. and it makes 23 hours. From it ſubtra& 12,and > xoe (20 


the Remainder ſhews you, T hat it will be Full-Sea at all the a- 59S 38S.W. 
foreſaid Places, at 11 of the Clock in the Morning. So you will 23 


- find it agree with your Inſtrument. | 12 


$ Is Fall-Stes 


PROP. 4+ The Moon being 9 days old, I deſire to know the hour of Full-Sea at Quinbo- 
rough, Southampton, and Portſmouth. 


Note, That a South-Moon on the Full or Change-day, maketh Full-Sea at theſe Pla- 
ces. Therefore multiply the Moon's Age by 4, it makes 36 3 that divide . 


by 5, and the Quotient is 7 of the Clock ; and 1 remaineth, which is 12 : 
Minutes, the time of Full-Sea at the aforeſaid Places, the Moon's Ape be. w—m— 
ing nine days. Note, If a North or South Moon makes Full-Sea on the |. . © 


Full or Change-day, there is uothing to be added to the Quotient 3 but the C! 


Quotient is the hour of the day, and the Remainder is the min. as before 39 (7 12 
direfted, One Example more ſhall ſuffice. by 


PROP. 5: The Moon 5 days old, I demand the time of Full-Sea at Rocheſter, Malden, 
a Blacktail, where $. b, W. Moon is Full-Sea. 


Here you may note, That on the Full or Change-day at theſe Places it flows S. b. W. 
which is but one Point from the South; being but 4 of an hour, or 45 min. (And it 
had been allone it it had been North-by-Eaſt.) Multiply by 4, divide by 5, and the 
Quotient will be 4 3 to it add 45 min. S. b. W, ſhews you it will be Full-Sea at the a- 
foreſaid Places at 4 a Clock and 45 min. in the Morning. By this time I hope I have 
made the Practitioner able to know the time of Full-Sea in any Port, by Inſtrument and 
Arithmetick : 1 willl eaye him a ſmall Table for his uſe. Rye, 
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0 
Rye, Winchelſey, Calſhot, a. S.b. E. Moon. ooaaes | 3x3 2 
Feckefter, ph Blacktail, S. b W.—-——}| © af | 
"Ln" Tarmouth, Dover, Harwich, S.S.E. _ 10 301 
Graveſ-end, Downs, Blackneſs, Silly, S. S, W, ==——— 30 
Needles, Orford, South and North Foreland, S. E. b.S. | 45 


Dundee, St. Andrews, Lishon, St. Lucas, S. W.b.S$, 
Pool, Iſle of Man, Dunbar, Diep, S. E. _ | 
London, Tinmunth, Amſterdam, Roterdam, S. W.-— 
Portland, Hariflew, Dublin, S. b. W. - 
Barwick, Fluſhing, Hamborongb, S.W. b, W,—— — 
Milford, Bridze-water, Lands-end, E. S, E,— —— 
Baltimore, Corke, Severn, Calice, W. S. W. 
Briſtol, Start point, Waterford, E. b. S. — 
Falmouth, Humber, Newcaſtle, W. b. $. ———- 
Plimonth, Hull, Lyn, St. Davids, W. & E.- —_ 
Dumnborough, Southampton, Portſmouth, N. & $.—— | 
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Add any two Numbers together of the foregoing Table, and they ſhall be 12 hours 5 
except the two laſt, V.S. and E. W. And what hath been ſaid from the South, either 
Eaſtward or Weſtward, the ſame anſwereth to the North, either Weſtward or Eaſt- 


ward And ſo munch for the Tides. But we will know the Moon's Motion, and the Pto- 
- portion between Tide and Tide. 


PROP. 6. The Motionof the Moon, and the Proportion of Time betwixt Tide and Tide. 


After all this, I will ſhew you in brief the Motion of the Moon, and the reaſon of the 
Citerence between Tide and Tide. 

You mult note ; the Motion of the Moon is twofold, Firſt, A Motion, which is from 
Eaſt to Welt, cauled by the diurnal ſwiftneſs of the Primum Mobile, Secondly, Her own 
Motion in the Zodick from Weſt to Eaſt, which the Moon performeth in 27 days, 8 hours, 
8 minutes ; in which ſpace ſhe returns to the ſame point of the Zodiack from whence ſhe 
departed. But to come to the ſame Point where ſhe was in Conjunction with the Sun laſt 
(by reaſon the Sun's Motion every day is Eaſt, 1 Degree) the Moon muſt move longer 2 
days, 4 ho. 36. min. more than her natural Motion, before ſhe can overtake the Sun, to 
come into Conjunction with him; ſo that betwixt Change and Change is 29 days, 123 
hours, 44 minutes, by my account The Mariner always allows juſt 30 days between the 
Changes, by reaſon he will not be troubled with ſmall FraQtions of Time, in his Account 
of Tides, which breedeth no great error: Reaſon therefore muſt needs ſhew me this, That 
I muſt allow, according to that Proportion, the Moon inevery 24 hours to depart from the 
Sun 12 Degree, (which is 4$ min. of time. ) Now if the Moon move in 24 hours, 48 min. 
then in 12 hours ſhe muſt move 24 min. and in 6 hours, 12 min. and by this proportion 
each hour ſhe moveth 2 min. and ſo the Tides differ as the time differs. 

I will add one old approved Experience for the Mariners uſe, though it is impertinent 
in this place, that is, To cut Hair in the New of the Moon; cutting. ſhaving, clipping inthe 
Wane, cauſeth baldneſs. So 1 hopel have ſatisfied the Learner concerning the Moon, 


= + 


CHAT. UL 
The Praftick Part of Navigation, in working of a Ship in all Weathers at Sta. 


| E have been ſhewiag the Practitioner all this while, the Courſe and Motion of the of 

Moon, and ſo by it to know how to ſhift the Tides, or time of Highwater, in -_— 
any Port, Road, Harbour, or Creek, Inſtrumentally and Arichmetically. The next thing 
to be obſerved by a Learner,is the Words of Command,with readineſs to anſwer and obey, 
which is the moſt excellent Ornament that can be in a Compleat Navigator, or Mariner. 
And as Captains exerciſe their Men on Shore, that their Souldiers may underſtand the Po- 

ſtures of War,and to execute it, whea the Word of Command is given by their Comman- ' 
der in like manner are Sea men brought up in Praftical Knowledg of Navigation at Sea in 
working a Ship in all Weathers, Although the Rules here demonſtrated are but of little 


benefit 
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' benefit to him, that hath been brought up all his Life-tinie at Sea z and Iefs to thoſe that be 
alrogether ignorant in Marine Aﬀairs : But that the Praftick may be delivered in proper 
Sea-Phraſes, according to each ſeveral Material that belongs t9 a Ship compleatly rizg'd, 
with the Uſe of the ſeveral Ropes in working and trimming of Sails at Sea 0n all Occahions, 
cannot be denicd by thoſe that know theſe things perfeCtly : Therefore it is impoſlible for ? 
any Man to be a Compleat Mariner or Navigator, without he hath attained to the true 
Knowledge of Theorick and PraCtick, being both Siſters and inſeparable Companions, that 
makes them perfect Navigators. | 

And to explain my ſelf, that I may prevent the Cenſures of all ſuch that will be cu- 
rious, inquiring whether 1 am not lame, or incapable of that, and like themſelves appear 
imperfect ; 1 may ſpeak it with trouble to my ſelf, and ſhame to others, That there was 
never more lame and decrepit Fellows preferred by Favour and Fortune, as alſo by Kind- 
red, Let a man go aboard the beſt Ship at Sea, and it will be very rare to ſind Ignorance 
out of the Officers Cabines, and commonly able Mariners and more ſufhcient men before 
the Maſt, who are forced to hawl a Bowline, through the averſeneſs of their Fates, which 
is preat pity, I ſhould be glad to live to ſee a more equaller Ballance among Sea-men, and 
their Imployers, to further the induſtrious, and encourage the deſerving Men 3 for if this 
partiality ſhould continve long, It 1s tv be feared, in ſome ſhort time, the Compleat Ma- 
Tiner will be ha1dl, found aboard any Ship,to the great diſparagement of ourEngliſh Na- 
tion, which hath from time to time ſo long deſervedly had the Superiority over all other 
parts of the World, for breeding the moſt famous Navigators, the Hollander to his Loſs 
knows it right well, that there is none like Engliſh for Courage at Sea 3 but that many 
of them out ſtrip us in the Art of Navigation, which procceds from the former 
unequal Ballance, which makes our expert Sailors, to ſeek, if Fortune will be favour- 
able amongſt the Dutch; or elſe they had not at this day beett Hizh and Mighty, and in 
ſich a flouiiſhing Condition as nov; they are. Therefore | hope to ſec ard hear, That 
the Englith Mariner will make better uſe of ſwift ſtealing Time, tiiat he may redeem 
what is loſt, and attain to ſuch perfection, as that he may Parallel his Art with his Valour 
and Courage; And that Imployers will uſe more Equity, in placing deſerving men accor- 
divg to their merit. I ſhall not draw out my digreſlion to any longer diſcourſe; for I know 
my plain Rhetorick will not reliſk in ſome mens ears,though it may in others; Therefore 
I ſhall draw to a concluſion, defiring that no man will cenſure me, before he knows what: 
is in me, or is able to mend this. For ſome there are, will ſay, being a little touched(as 
the common ſa\ing is) that if they had me at Sea, they would put me to ſeek all my pre= 
{cribed Rules but 1 would have ſuch to know, T hat when lam at Sea. l ſhall work the Ship 
in all Aſſays as well as ever they did, and can as often as I ſhall be called thereunto, after 
this manner, (viz) 


PROP.1, TbheWindis fair, 


The Wind is fair, though but little 3 it comes well, as if it would ſtand; therefore up 
a hand and looſe fore Top-ſail in the Top,that the Ships may ſee we will Sail ;, bring the 
Cable to the Capſton, heave vp your Anchor, looſe your Four-fail in the Brailes 3 put 
abroad our Colours, looſe the Mizen in the Brailes. ls all our men on board? Thoſe 
that beon Shore may have a Tow. and be bleſt with a Ruther : for we will ſtay for no man* 
Come.my Hearts, heave vp your Anchor that we may have a good Prize. Come, Who ſays 
Amen? One and all. Oh brave Hearts, the Anchor is a Peak 3 heave out Fore-top-ſail, 
heave out Maiu-top- ſail; hawl home the Topſail Sheets. The Anchor is away, let fall your 
Fore- ſail, hoiſt up your Fore-top ſail, hoiſt up your Main-top- fail ; up and looſe theMain- 
ſail, and fet him; looſe Sprit-ſail, and Sprit- ſail Top-ſail. A brave Gale. Bring the 
fore-Tack to the Cat-head,and trim your vails quartering ; hoiſe up our ſmall Sails, heave 
out the Mizen. top- ſail and ſet him. Now we are clear, and the Wind like to ſtand; hoiſt 
in our Boats before It is too much Sea, aboard Main-tack, aboard Fore-tack, a Lee the 
Helmn handſomly, and bring her roo eaſily ,that ſhe may not ſtay..Brace the Fore-ſail and 
Fore-top-ſail to theMaſt,and hawle up the Lee-Bowlines,that the Ship may not ſtay ; paſs 
Ropes for the Boats on the Lee-ſide,and be ready to clap on your Tackles, and hoiſt them 
in; ſtow them faſt, Let go the Lee-Bowlines, of Fore-ſail, and Weather-Braces. Right 
your Helmne, hale aft the Fore-ſheer, trim the Sails quartering, as before : Looſe Sprit- 
ſail, and hale aft the Sheets; and hoiſe up the Sprit-ſail-top-ſail, and other ſmall Sails. 
See the Mainſtay-ſail, and Fore-top-ſail-ſtay-ſail, andMizen-ſtay- ſail, and Main-top-ſail- 
ſtay-fail, and lace on your Bonnets, that wemay make the moſt of our way to our Station. 
Clear your Ropes. Come, get vp our ſteering Sails. The Lee ſteering Sails of Main ſail, 


and 


——— 
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and Main-top-ſail, Fore-ſail and Foretop fail only ; for they will {it faireſt; and draw 

moſt. I have on purpoſe omitted ſeveral Words, by reaſon 1 would not tronble the 
Reader with ſuch indifferent things as are conceived by all Mariners to be done ; as * 

- Cooning the Ship, Bracing, Veering, and Haleing afr, Hoiſting, Looring, and the like : 


bnt it is to be ſuppoſed that all this is done. Thus your have a brave Ship under all her 
Sails and Canvas, in her ſwifreſt way of Sailing upon the S:a. Now let us have her right 


before the Wind. 
Right afore the Wind, and a freſh Gale. 


The Wind is vered right aft, take in your Fore and Fore-top-ſail Rteering-ſail, and 
Fore-top-ſail, and Main and Main-top fail ſtay-ſails; for they are becalmed by the 
After-ſails, and will only beat out. The Wind blows a freſh Gale, round aft the Main- 
ſheet, and Fore- ſheets, ſquare your Yards, take in your Main and Main-top-ſail, 
Steering-ſails. Unlace your Bonnets. Take in your Main and Fore-top-gallant-ſails 3 
in Sprit-ſail, and Mizen-top-ſail, let go the Sheets, hale home your Clew-lines, caſt 
off Top-gallant-bowlines, Thus you have all the ſmall Sails in, and furled, when it blows 
too hard to bear them, 


The Wind vereth forward, and ſcanteth. 


The Wind ſcanteth, vere out ſome of your Fore and Main-Sheets, and Sprit- ſheets, 
and let go your Weather-bracesz; tope your Sprir-ſail-yard. The Wind {till vereth 
forward pet aboard the Fore and Main-tack , caſt off your Weather-ſheets and Braces : 
The Sails are inthe Wind, hawl ofF Main and Fore-ſheets; the Wind is ſhacp, hawl for- 
ward the main Bowline and fore Bowline, and haul up the Main-top-fail and Fore-top-ſail 
Bowline, and ſet in your Lee-braces, and keep her as near as ſhe will lie, Thus have you 
all the Sails trimny'd ſharp, ard by a Wind. 


The Wind blows Frizking, 


The Wind blows hard ; ſettle your Fore and Main-top-fails two thirds of the Maſt down: 
It is more Wind, come, hawl down both Top-fails cloſe. Come, ſtand by, take in your 
Top-ſails: Let go the Top fail Bowlines, and Lee-braces , let gothe Lee- ſheets, ſer in 
your Weather-braces, ſpill the Sails, hawl home the Top-ſail Clew-lines, ſquare the Yard: 
Now the Top-ſails are turled, and you have the Ship 1a all her low Sails, or Courſes, 


It bloweth a Storm, 


It is like to over blow 3 Take in your Sprit-ſail, ſtand by to hand the Fore-ſail. Caſt off 
the Top-ſail Sheets, Clewgarnets, Leechlines, Buntlines ; ſtand by the Sheet, and brace ; 
lowr'the Yard and furl the Sail; heres like to be very much Wind. See that your maia 
Hallyards be clear, and all the reſt of your Geer clear and caſt off, (lt is all clear.) Lowr 
the Main-yard, hawl down upon your down-hawl; now the Yard is down, hawl up the 
Clew-garnets, Lifts, Leachlines, and Buntlines, and furl the Sail faſt, and faſten the Yards; 
that they may not traverſe and gall. Thus have you the Ship a trije undet a Mizen. 


A very hollow grown Sea. 


We make foul weather, look the Guns be all faſt, come hand the Mizen. The Ship 
lies very broad off, it is better ſpooning before the Sea, then trying or hulliog ; go reef 
the Fore-ſail and ſet him ; hawl aft the Fore-ſheet 3 the Helmn is hard a Weather, mind 
at Helmn what is ſaid to you carefully. TheShip wears bravely ſteady, ſhe is before it ; 
belay the fore doon hall, it is done. The fail is ſplit; go hawl down the Yard, and get 
the Sail into the Ship, and unbind all things clear of it. Starboard ; hard up, right 
your Helmne, Port, Port hard, more hands, he cannot put up the Helmne. A very fierce 
Storm, The Sea breaks ſtrange and dangerous ; ſtand by to hawl off upon the Lanniard 
of the Whipſtaff, and help the Man at Helmne, and mind what is ſaid to you. Shall we 
get down our Top-maſts ? No, let all ſtand. She ſcuds before the Sea very well; the 
Top-maſt being aloft the Ship is the wholſomeſt, and maketh better way through the 
Sea, ſeeing we have Sea-room. Thus you ſee the Ship handled in fair Weather and foul; 
by and large. Now let us ſee how we can turn to Windward. 


The Stor m is over, let us thirn to Windward, 


The Storm is over, {ct Fore-ſail and Main-fail ks our Ship td6 z ſet tlie Mizet!, the 
Naiths 
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Main-top-ſail, and Fore-rop-ſail. Our Courſe is E. S. E. the Wind is at South: Ger 
the Star- board Tacks aboard, caſt off our Weather braces and Lifrs ; {ct in the Lee- 
races, and hawl forward by the Weather-bowlines, and hawl them taught and belay 
them, and hawl over the Mizen-tack to Windward 3 keep her tull, and by as nearas ſhe 1 
will lie. How Windycu? Eaft. Aquide Wind: No ncar, hard, no near: The Wind 
vereth to the Eaſtward ſtill. How Wind you? N.E. hard, no near. The Wind is right 
in our Teeth; no near ſtill, How Wind you? N. W.b,N. The Wind will be Northerly, 
make ready to go about ; we ſhall lye our Courſe the other way, no near, glve the Ship 
way, that ſhe may ſtay : Ready, ready, a-lee the Helm, let go Fore-tcp Bow-line, 
vere out the Fore-ſheet, caſt oft the Lee-braces of your Fore-ſail and Fore-top-ſail, brace 
in vpon your Weather-braces. The Forc-ſails is a back- Itays, hawl Mzin-ſall, hawl, let 
riſe the Main-tack ; caſt off your Larboard-braces; let go Main Bow-line, and Main- 
top-ſail-bow-line z brace about the Yard, hawl forward by the Larboard Bow- Lines z 
get the Main-tack cloſe down in the Cheſs-tree : The ſheet is cloſe aft; hawl off all 3 
hawl; get to Fore-tack, let go fore-bow-line, and fore-top-ſ2il Bow-line 3 hawl aft the 
Fore-{hcer, bawl taught the Main-bow-line, and Main-top- ſail-bow-line ; ſhift the Mi- 
zen-tack, hawl taught fore-bow line, and fore-top-1ſ3il bow-line ; ſet in the Lee.braces 
fore and aft, keep her as near as ſhe will lie, No ncar, How Wmd you? N.N.E. 
thus, ware no more no fear, keep her full, The Wind is at N. N. E. thus, ware no 
more. (How Wind you?) E.N.E. The Winds at N, keep her away her Courſe E.S.E. 
Caſt off the Lee-braces and Weather-bow-lines, and fect in your Weather-braces. Vere 
out the Main-ſheet, and fore- ſheet, looſe the ſprit- ſail, and Sprit-ſail-top-ſail, and 
Mizen-top-ſail, and Top-gallant- fails; hoiſt them up, the Wind veres aft ſtill ; let riſe 
the Fore-tatk : the Wind's quartering, hawl aft the Fore- ſheet, bring it down to the 
Cat-head with a Paſs-a-ree ;, ſteddy in your Weather-braces ; the Wind ſtands. Thus 
you have the Ship as at firſt, ſteering under all her Canvas, quarter Wind : ſhe hath 
been wrought in all manner of Weather, and all ſorts of Winds. Therefore we will 
draw to a conclulion with a Man of War in Chaſe, and taking of her Prize, and ſo leave 

_ this PraCtick Part to your Cenſure. 


The Man of War in her Station, 


Now we are in our Station, and a good Latitude, hand your Top-ſails, and furl your 
Main-ſail and Fore-ſail, 2nd brail up the Mizen, and let her lie at Hull, until fortune ap- 
pear within our Horizon. Up aloft to the Top-maſt-head, and look abroad, youn 
Men ; look well to the Weſtward, if you can ſee any Ships that bave been vipt with the 
laſt Eaſterly Winds. A Sail, 4A Sail. Where? fair by us. How ſtznds ſhe ? To the 
Eaſtward, and is two Points upon her Weather-bow, and hath her Larboard-tacks a- 
board. © then ſhe lies cloſe by a Wind ; we ſee her upon the Decks plainly. A good 
Man to Helmn. Up young Men, and looſe the fore-ſail, main-fail, and mizen. Get 
the Larboard-tacks aboard 3 heave out the main Top-ſail, fore Top ſail, and looſe the 
Spritſail. Keep her as near as ſhe will lie, hawl aft the Sheets, and hawl up your Bow- 
Fines taught. Do you ſee your Chaſe? Yea. How Wind you? E.N.E. Then the 
Wind is at N. hoiſt up your Top-ſails as high as you can 3 heave out Sprit-ſail-top-ſail, 
and Mizen Top-ſail 3 hawl home the Sheets, and hoiſt them up - A young man loofe the 
Main-top- gallant-fſail, and fore-top-gallant-ſail; hawl bome the Sheets, and hoiſt them 
vp ; hoiſt up Main-ſtay-ſail, and Mizen-ſtay-fail, and looſe the Main-top-fail, and fore- 
rop-ſcil-ſtay-ſails, and ſet them. Ir blows a brave chaſing Gale; the Ship makes brave 
way through the Sea, we raiſe her apace ; if ſhe keep her Conrſe, we ſhall be up with 
her in three Glaſſes. No near, keep the Chaſe open with the Litch of the Fore-ſail. 
So, thus; keep her thus. Come-aft all hands, the Ship will ſteer the better when you 
ſit all quiet, by her ſmall Sails3 for ſhe is too much by the Head. The Chaſe is a luſty 
brave Ship. So much the better, ſhe hath the more Goods in her Hold, The Ship hath 
a great many Guns, it may be ſhe's a Privateer. —— Port, the Chaſe is about, come 
fetch her Wake, and we will be about after her. We Sail far better than ſhe 3 we bave 
her Wake, a-lec the Helm, vere out fore-ſheet, Every man ſtand handſomly to his bu« 
ſineſs, and mind the Bowlines and Braces, Tacks and Sheets ; hawl Mainſail, haw!. Let 
go Main-bow-line, Top:bow-line, Top-gallant-bow-line z bawl off all, hawl, ſhifts 
the Belm; bring her too, hawl the Main-ſheet and fore-ſheet cloſe aft. Set in the Lee- 
braces,” hawl taught the 'Bow-lines. The Chaſe keeps cloſe vpon a Wind 3 keep.her 
open under our Lee. Guxner, ſee that you have all things in readineſs, and that the 


Guns 
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Guns be clear ; and that nothing pelter our Deckz. - Down with all Hammocks 
and Cabins that may hinder and hurt us. Gunner, is all our Geer ready ? ls there ſtore 
of Cartrages ready fill'd, all- manner of Shot at the Main-maſt ? Is there Rammers, 
@ Spenges, Ladles, Priming-irons, ard Horns, Lintſtocks, Wads, and Water at ttieic 
ſeveral quarters ſufficient for them ? be ſure that none of our Guns be cloy'd 3 and when 
we are in fight, be ſure to load our Guns with Croſs-bar and Langrel. Always obſerve 
to give fire when the Word 15 given. See that there be half Pikes and Javelins in a rea- 
dineſs, and all our ſmall Shot well furniſhed, and all their Bandaleers filPd with Pow- 
der, and Shot in their Pouches. See that our Murtherers and Stock-fowlers have their 
Chambers f1Pd with good Powder, and Bags of ſmall Shot to load them, that if we 
ſhould be laid aboard, we might clear our Decks. Starboard, the Chaſe pays away 
more room, Starboard hard ;z vere out ſome of the Main-theer and fore-ſheet 3 cat off 
the Larboard-braccs, iteddy, keep her thus: Well ſteer'd ;- the Chaſe goes away room, 
her Sheets are both aft, ſhe is right before the Wind : Starboard hard ; let riſe Main- 
tack, let riſe fore-rack z; hawl aft Main-ſheet, hawl afs fore-ſheet. We have a Stern- 
chaſe, but we ſhall be up with her preſently, for we fetch upon her hand going. The 
Chaſe hawls up bis Main- ſail and furls it; ſhe puts aboard her Waſt-cloaths ; ſhe will 
fight vs. Come up young men, and furl our Main-ſallz fling our Main yard, with the 
Chains in the Main-top 3 !ling our fore-yard, put aboard our Waſt-clothes ; he will 
fight us before the Wind 3 I ſee ſhe is full of Men it is a hot Ship, but deep and foul. 
Come chearly my Hearts, it is a Prize worth fighting for ; the Chaſe takes in her ſmall 
Sails: up aloft and rake in our Top-eallant-fails, Sprit-ſail-top-ſails, Mizen-top-ſail, 
and furl the Sprit- ſail, and pet the Yard alongſt under the Bowſprit- She puts abroad 
her Colours, it is Red, White, and Blew they are Dutch Colours, no force ; Boy, 
up and pur abroad St. George's Colours in our Main-top ; ſtepaft a haud, and pit abroad 
our Ancient z call all hands aloft , come up aloft all hands. They are all up Captain. 


Gentlemen, We are here employed and maintained by His Majeſty King WILLiAM and 
our Country, to do our Endeaveurs to keep this Coaſt from Pyracy and Robbers, and His 11a- 
jeſty's Enemies , and it is our Fortune to meet this Ship at this time: Therefore I deſire you in 
His Majeſty's Name, and for the ſake of our Country, and the Honour of our Engliſh Nation, 
and our ſelves, for every Man to tehave himſelf courageous like Engliſhmen; and not to have 
the leaſt ſhew of aCoward : but to obſerve the words of Command, ana do his utmoſt endeavour. 
Into God s Hands we commit cur Cauſe, and onr ſelves, So every Man to bis Quarters, and 
ſew his Courage, and God be with you. , 


She ſettles her T op- ſails, we are within ſhot ; let all our Guns be looſe in the Tackles ; 
and the Ports all knockt open, that we may be ready to run out our Guns when the Word 
is given. Up noiſe of Trumpets and hail our Prize ; ſhe anſwereth again with her Trum- 
pets: Hold faſt Gunner, do not fire till we hail them with our Voices. Port, Edge towards 
him, he fires his Broad-ſide upon us. What cheat my-Hearts ? Isall well betwixt Decks ? 
Yea, Yea, only he rak'd u3 through and through. No force, it is his turn next 3 but give 
not Fire until weare within Piſtolſhot, Port, edge towards him. . He plies his Small-ſhot; 
hold faſt Gunner. Port, right your Helm. We will run up his Side. Starboard a lit- 
tle; Give Fire, Gunner. That was well done. This Broad-fide hath made their Deck thin, 
but the Small-ſhot at firſt did gaul us. Clap in ſome Caſe-ſhot in the Guns you are now a 
' - loading. Brace too the Fore-top-ſail, that we may not ſhoot a-head : He lies broad off 

tothe Southward to bring his other Broad-ſide to bear upon us. Starboard hard. Get to 

Larboard Fore tack ; trim your Top-fail; run out your Larboard Guns. He fires his 
- Starboard Broad-ſide upon us, he pours in his Small-ſhot. Starboard, glve not fire uncil 

he fall of, that the Prize may receive our full Broad-fide. Steady : Portalittle; give Fire, 

Gunner ; His Fore-maſt is by the board; This laſt Broad-ſide hath done greMExecuti- 

on. Chceerly my Mates, the day will be ours ; He is ſhot a-head ; He bears up before the 

Wind to ſtop his Leaks : Keep her thus, Well Steered. Port, Port hard ; Bear up be- 

fore the Wind, that we may give him our Star-board Broad-fide. Gunner, ls there great 

ſtore of Caſe-ſhot and Langrel in our Guns? Yea, Yea. Port, make ready to Board him 

Have your Laſhers clear , and able men with them. Edge towards him when you give 

Fire : Bring your Guns to bear amongſt bis Men with the Caſe-ſhot. Well Steered, we 

' are cloſe on board. Give Fire, Starboard, Well done Gunner 3 They lie Heads and Points 
aboard the Chaſe. Come, Aboard him bravely z; Enter, Enter. Are you lached faſt ? 

Yea, Yea, We will haye him before ye go bere-hence. Cut vp the Decks ; Ply four 

| a 


all. Sat. 
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Hand-Granadoes and Stink-Pots. He cries out Quarter ; Quarter for our Lives, and we 
will yield upShip and Goods. Good Quarter is granted, provided you will lay down all 
your Arms, open the Hatches, hawl down all your Sails and furl them. Looſe the Lach- 
ings, we will ſheer off our Ship, and hoiſt Out our Shallop, If you offer to make any Sail, 
expetno Quarter for your Lives. Go with the Shallop, and ſend aboard the Captain, 
Lieutenant, and Maſter and Mates, with as many more as the Shallop will carry. So we 
will l-ave the Man of War to his Prize, and to ſecure his Priſoners. And now I have 
ſhewn you thus much of the PraCtick part of Navigation, in which you may perceive 
that 1 have wrought the Ship in all Eſſays, in Words and proper Sea-Phraſes; and if I 
were at Se, 1 ſhould perform it both in Word and Deed: Therefore I leave it all to 
your Judicious Cenſure-, Ard fo 1 will conclude with Ovid, when he failed in the 
Jonian Streights. = 
Nothing but Waves we view in Sea where Ships do float, 
And Dangers lie, buge Whales, and all Fiſh; play : 
Above our Heads, Heaven's Star-embroidered Coat, 
Whoſe Varlt contains two Eyes, for Night and Day 
Fay from the Main, or ary Marine Ceaff, 
*T next Borcan Blaſts, and Billows, me are tf}, 
If Ovid #n that freight lonian Deep 
Was toſt ſo hard, nwiuch more are we on Seas 
Of larger Bour.ds, where Staff ard Compaſs keep 
Their ſtrift ebſervance : Tet in this uneaſ: 
Of racking Boards, we fo the way make ſhort, 
T hat ſtill our Ceurſe drams nearer to our Port. 
Between the Stream and ſilver-ſpangled Shie 
 Werdling climb, then hurling fall beneath ;, 
Our way is Serpent-like, in Meads which lie, 
T hat bows like Graſs, but never makes a Path : 
But fitter, like young Maids and Youths together, 
Kun here and there, all where, and none know whether 


Our way we kyow, and yet unknown to other ;, 

And whilſt misknown to us, before we dive . 

The Hand and Compaſs that geverns the Ruther 

Do often erre, although the Pilots ſtrive 
With Chart and Compaſs, yet our Reck*nings fall 
Too narrow, ſhort, too igh, too wide, too ſmall. 

To diſcon this, remark when we ſet Land, 

Some this, ſome that do gueſs, this Hill that C ape. 

For ſome hours our Skill sn ſuſpence ſtand, 

Termang this Shore, that Head land Points the Map , 
Which when miſtook, this forg'd Excuſe goes clear, 
O ſuch and ſuch a Land it firſt did ?pear. 

Jn all which ſtrife ſtreſ®d Sailors have the pain, 

By drudging, pulling, hawling, ſtanding to it 

In Cold and Rain, both dry ana wet, they ſtrain 

Themſelves, and toyl ; none elſe but they muſt do it. 
Both Prow and Poop do anſwer to the Helm ; 
The Steerſman ſings, no Grief his Foy can whelm. 


By Night our Watch we ſet, by Day our Sight, 

Ard furl our Sails, If Pirates do appear, 

We reſt reſelv'd;, *Tiu Force make Cowaras fight, 

1 hough none more dave, than they that have moſt fear. 
Is Courage makes us raſh, and Wiſdom cold; 
Tet Wiſe men ſtout, and ſtrong, grow Lion-bold, 


The Wiſe-man knows his Wiſdom how to «ſe, 

TI? Artificer, what Arg "tis beſt to chuſe. 

"Tis a true Saying, and approved long, 

The Wiſe-man is more worthy than the Strong, 
The Field be tills, the City be can guide, 
And for the Ships in Tempeſts will provide. 
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CH AP.IV. Of GEOcHETRT. 
Geometrical Definitions. 
wy RTS, faith Arnobsus, are not together with our Minds ſent out of Heaven ; but all 
are found out on the Earth, and are in proceſs of time ſought and fairly forged by 
2 continual Meditation. Our Minds perceiving ſome Things to happen well, while it 
doth imitate, attempt, and try, while it doth reform, and change, hath out of theſe ſome 
Science or Art, the which afterwards by Study is brought to ſome perfe&tion, Yet the 
Practice of Art is not manifeſt but by Speculative llluſtration : And for this cauſe I choſe a 
Speculative Part; And firſt of Geometry that you may the better know the Practice: 
I. A Point is that which hath no Part, 
A Point is ſuppoſed to be a Thing that cannot be divided into Parts, being the begin- 
-K. ning of all Dimenſion. As the Point or Prick noted with the Letter A > and is but 
only the Term or end of Quantity. A 
Il, A Line is Length, without Breadth or Thickneſs. 
A Line's Extremes or Bounds are' two Points, Oren pa un b 
as you may ſee in the Line «4, b. A Line is either 
ſtraight or crooked. A Line is capable of Diviſi- Z 
on in length only, and may be divided equally in 
the Point C, or unequally in D. 
A B 
Itl. A Right Line 3s the ſhorteſt of all Lines, drawn from any two Point:, 
IV. A Superficies bas Longitude and Latitude only. 
A Superficies is that which hath only length ; 
ahd breadth. As in the firſt kind of Magni- oo fe Cope Sd 
tude the Motion of a Point produceth a Line: At tt B 
So in the Second kind of Magnitude, the Mo- bo 
tion of a Line produceth a Superficies. This T 
is alſo capable of two Dimenſions, as the + 
length AB or CD, and the breadth AC or BD : - 
and may be divided into any number of Parts, C — D 
V. The Extremes of a Superfic ies are Lites, 
As the Ends of a Line are Points, ſo the Bounds or Extremes of a Superficiesare Lines 3 
as the Lines A B, BD, DC, and CA. 
VI. 4 Plain Superficies lieth equally between his Lines. FA 


So the Superficies A B C D is that which lieth direct and evenly between his Lines, and 
is the ſhorteſt of all Superficies between the ſame Lines. 


VII. 4 Avgle 3s when two Lines are extended in the ſame Superficies, inclining to each other; 
| ſo that they meet together in. a Point 


As you may ſe the two Lines A Band C Bincline one to- 
wards the other, and touch one the other, in the Point B. 
In which Point, by reaſon of the inclination of the faid 
Lines, is made the Angle ABC. And here note, That an 
Angle is moſt commonly ſigned by three Letters, the mid- 
dlemoſt whereof ſheweth the Angular Point, as when we 
Ain Angle ABC, you are to underſtand the Angle 
at DB» Nth 
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. - le is that which is produced of a Right Line, falling upon a Right Line, 
Ns 0” v8 po making two equal Angles on each ſide. | 


A As vpon the Right Line CD ſuppoſe there 

ſtands another Right Line A B, in ſuch ſort 

| that it maketh th= Angles on either de there- 

of equal ; namely, the Angle ABD on the 

one {ide, equal to the Angle ABC onthe 

other ſide ; then are either of theſe Angles, 

Right Angles; and the Right Line A B, 

which ſtandeth ere& upon the Right Line 

__ CD, withour inclining ro either part there- 
of, is Perpendicular to the Line CD. 


IX. An Obtuſe Angle uu that which « grea- 
ter than a Right Angle. 


So the Angle CBE is an Obtuſe Angle, 
becauſe it is greater than the Right Angle 
ACB; for it doth not only contain that 
Right Angle, but the Angle ABE alſo, and 
©. D KCherefore is Obtuſe. 

B 


X. An Acute Angle is leſs than a Right Angle. 


So you may ſee the Angle EBD is an Acute Angle, for it is lefs than the Right Angle 
ABD, in which iscontained the other Acute Angle AB E. 


Xl. A Figure is that which i con- 
tained under one Term, or many. 


C As the Figure A is contained un- 

| der one Limit or Term, which is a 

Circular Line alſo the Figures B 
and C are each contained under 
four Right Lines : Likewiſe the Fi- 
gure E is contained under three 
Rigbt Lines ; and the Figure F un- 
der five Right Lines, And fo of all 

& other Figures. 

XII. A Cirele is a plain Figure contained under one Line, which is called the Circumference ; 


unto which all Lines dr awn from one Point within the Figure, which is called the Centre, 
are equal one to another. 


As this Figure is a Circle contained under the crook- 
ed Line AECE, which Line is called the Circumfe- 
rence. In the middle of this Figure is the Point B, 
from which Polar all Lines drawn to the Circumference 
are equal, as the Lines B A, BE, B D, BC; and this 
Point Bis called the Center of the Circle. 


Xl. The Diameter of a Circle is a Right Line drawn by the Center thereof : and ending at 
the Circumference, on either ſide, divides the Circie into rwo equal Parts. 


So the Line ABC in the former Figure, is the Diameter thereof, becauſe it paſſetlt 
| from 


* 
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from the Point A on the one ſide, by the Point B, which is the Center of the Circle, and 


divideth the Circle into two equal parts, namely, AEC on one fide of the Diameter, 
being equal to A F C on the other. | | 


XIV. A Semicircle is a Fignre contained under the Diameter, and that part of the Circum- 
" ference cut off by the Diameter. 


As in the former Circle, the Figure A F Cis a Semicircle, becauſe it is contained by the 
Right Line A C which 1s the Diameter, and by the crooked Line A F C, being that part 
of the Circumference which is cut off by theDiameter : Alſo thepart A E C is a Semicircle. 


KV. A Segment of aCrrcle, is a Figure contained under a Right Line, and a part of ihe 
Circumference, greater or leſs than a Sgmicircle. ; 


So the Figure ABC, which conſiſteth of the Part of the 
Circumference ABC, and the Right Line AC, is a Seg- 
ment of the Circle, greater than a Semicircle. 


Alſo the other Figure A CD, which is contained under 


| 
the Right Line AC, and the part of the Circumference hs 


ADC, is a Sezxment of the Circle leſs than a Semi- 
circle. 


XVI. Right-lined Figures are ſuch as are contained under Right Lines. 
XVII. Three-fided Figures are ſuch asare contained under three Right Lines. 
X VHI. Four-fided Figures are ſuch as are contained under four Right Lines, 
XIX. Many-ſided Figures ate ſuch as have more Sides than four. 
XX, All Three-ſided Figures are called Triangles : 

| As the Triangles A, B, and C. 


| 
XX1. Of Fonr-ſided Figures, a Quadrat or Square is that | 
whoſe Sides are equa}, and its Angles right, as the Fi- * 
gure A. | 
| 
XXII. A Long Square is that which hath right An- B 
gles, but unequal Sides, as the Figure B. — ; 
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XXI1I. A Rbombus is a Quadrangular Figure, having equal 
Sides, but not Right Angles, as the Figure C. 


« 


neither equal Sides,nor Right Angles,as the Figure D. 


| | XXIV. A Rhomboidet is aFigure whoſe oppoſite Sides are equal, 
W- D T and whoſe oppoſite Angles are alſo equal: but it hath 


XXV. All other Figures of Four Sides are called Trapezi4's, 
as L and M. 


M 
A — XXVI. Parallel or Equi-diſtant Right Lines, are ſuch which 
being in one and the ſame Soperficies, and produ- 
Coemonon———}y | ced infinitely on both ſides, do never concur 3 as 


I, 


thetwo Lines AB, CD. 


XXVII, A Solid 1s that which hath Length, Breadth and 
Thickneſs, as a Cube, (or Die ;) as the Figurel : 
Or a Sphere or Globe, as the Figure K, The 
bounds of. a Body are Superficies. 


Geometrical Theorems. 


A NY two Right Lines croſling one another, make the Vertical Angles equal. 
Euclid. 15. 1. 


IL. If any Right Line fall upon two parallel Right Lines, it maketh the outward Angle 


of the one, equal to the inward Angle of the other ; and the two inward oppoſite 
Angles, on the contrary ſides of the falling Line, alſo equal. Exchd. 27. 1. 

III. 1f any fide of a Triangle be produced, the outward Angle is equal to the two in- 
ward oppoſite Angles, and all the three Angles of any Triangle are equal to two 
Right Angles. Euclid. 32. 1. 

IV. In Xqui-angled Triangles all their Sides are proportional, as well ſuch as con- 
tain the equal Angles, as alſo the ſubtendent Sides. Euclid. 4; 6. 


 V. If any four Quantities be proportional, the firſt multiplied into the fourth, pro- 


+} $ 


duceth: a Quantity equal to that which is made by the Multiplication of the ſecond 
into the third. Exclid. 16.6. | 


VI. In all Right-Angled Triangles, the Square of - the Side ſubtending the Right-An- 
ple, is equal to both the Squares of the containing Sides. Euclid. 47, 1. 


VI. All Parallelograms are double to the Triangles that are deſcribed upon their Ba- 


ſis, their Altitudes be equal. Enclid, 41. 1. 
VIII. All Triangles that have one and the ſame Baſe 


, and lie between two Parallel 
L.iges, are equal one to the other. Euclid, 37. 7. | 
» , : Re R 
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Geometrical Problems. 


PROB. 1. Upon a Rigbt Line given, how to eret} another Right Line, which ſhall be per= 
pendicular to the Right Line given. 


» 

Ys Bs E Right Line given is A B, npon which from the Point E it is required to erect 
the Perpendicular EH. Opening your Compalles to any convenient diſtance, 

place one foot in the aſſigned Point E, and with the other make the two Marks C nd D, 

equidiſtant on each ſide the Point E ; then 0- 


pening your Compaſſes again to any other conye- Tf Hy, 
nient diſtance greater than the foriner, place one Þ” 
Foot in C, and with the other deſcribe the Arch FN G 
GG 3 alſo (the Compaſlles remaining at the ſame F 


diſtance) - place one Foot in the Point D, and 

with the other deſcribe the Arch F F. Then 

from the Point where thoſe two Arches interſect 

each other, which is at H, draw the Right Line | ; "= 
HE, which ſhall be Perpendicular to the given 
Right Line A B, which was the thing required to 


be done. —} x 
; AG E D's 
PROB. 2. Totrelt a Perpendicular on the end of a Right Line given. 


Et BA, be a Line given, and let it be required to ere& the Perpendicular A D. Firſt 
upon the Line B A, with your Cotnpaſles opened to any ſmall diſtance, make five 
ſmall Diviſions, beginning at A, noted with 1, 2, 
3444 55 Then take with your Compaſles the diſ- 
tance from A to 4, place one Foot in A, and with þ D 
the other deſcribe the Arche e: Then take the ”« 24 
diſtance from A to 5, and placing one Foot of C2 FCIE 
the Compaſſes in 3, with the other Foot deſcribe oh 
the Arch h h, cutting the former Arch in the rs 
Point D : Laſtly, from D draw the Line D A, T2 
"TY ſhall be perpendicular to the given Line Ty N 


This Operation is grounded upon this Conclu- by. 
ſion, viz. Theſe three Numbers 3, 4, and 5, Bj , __;_|} 
make a Right-angled Triangle, which is veryne- Gs 5 4 3 2 £ 
ceſlary in many Mechanical Operations, and eaſy 
tobe remembred. 


PROB. 3. Tolet fall « Perpendicular from a Point afrontd on! @ Right Line given: 


_ 


TT Point given is C, from which Point it + 
is required to draw a Right Line which A 
ſhall be perpendicular to the given Right / 
Line A B. 

Firſt from the given Point'C, to the. Line 
AB, drawa Line at pleaſure, as C E, which D 
divide into two equal parts in the Point D. 
Then placing one Foot of the Compaſſes in the 
Point D, with the diftance D C, deſcribe the 
Semicircle CF E, cutting the given Line A Bin 
the Point F. Laſtly, from the Point Cdraw A _.. —B 
the Right Line C F, it ſhall be a Perpendicular | 
to the given Line A B, which was required. 


_ Grtanied Problems. 


PROB. 4. How to make an Angle equal to an Angle given, 


Et the Angle given be A C By and let it be required to make another Angle equal 
« 
rec Firſt draw the Line E F at pleaſure then 
from the given Angle at C (the Car 
opened to any convenient diſtance). deſcribe 
the Arch AB; and alſo from the.Point F, 
the Compalles unaltered, deſcribe the Arch 
DE ; then take the Diſtance A.B, and ſet 


the ſame from E to D : Laſtly, draw the 
Line DF. So ſhall the Angle D F E be equal to the given Angle A CB. | 


PROB. 5, A Right Line being given, how to draw another Right Line which ſhalt be paral- 
lel to the former, at any diſtance required. | 


He Line given is AB, it is required to draw another Right Line parallel thereunto, 

at the diſtance ACor DB. 62198 

; Firſt, Open your Compaſſes to the diſtance 

_ a ACorBD,; then placing one Foot in, with 

_ wy, the other deſcribe the Arch C: alſo (at that ' 

diſtance) place one ſoot in B, and with the 0- 

ther deſcribe the Arch D. Laſtly, drabw the 

Line CD, that it may only touch the Arches 

——_ } C and D : So ſhall the Line CD be pafallel to 
A B the Line AB, and at the diſtance required. 


PROB. 6. To divide a Right Line into any number of equal Parts. 


Et A B be a Right Line given, and let it be required to divide the ſame into five e- 
qual parts. 


4 


Firſt, from one end of the piven Lin&-AB 
draw the Line A C, making an Angle therewith 
at pleaſure. Then draw the Line B D, making 
the Angle ABD equal to the Angle CAB. Then 
from the Points A and B, ſet oft upon theſe two 
Lines any number of equal Parts, being lefs by 
one than the Parts into which the Line A B is to 
be divided, which in this Example mult Þe 4. 
Then draw ſmall Lines from 1 to 4, from 2 fo 3, 
and from 1 to 4, which Lines crofling the $iven 
Line A B ſhall divide it into five equal Parts, as 
was required. | DN 

PROB. 7. ARight Line being given, how yo #vaw another - Ling parallel thergunto, 
which ſhall «lſe paſs through a Point aſioned., 


Et AB be a Line given, and let it be required to draw another Line parallel there- 
unto, which ſhall paſs through the given Point C. 

| irſt, Take with your Compalles the diſtance 
from A to C, and placing one foot at B, with the 
—D x E otherdeſcribe the Arch DE then take in your 
iG ſles the whole Line AB, and place one 
footin C, and with the other deſcribe: the Arch 
F G, crofling the former Acch in the Point H : £ben 
tr if you draw the Linz CH, it ſhall be paraliel to 

A B, as was required, 


PROB. 8 


* 


ha Es a, 


Chap. EY; - 


Geometrical Problems: 


-Þ R OB. 3. Having any three Points given which are not (itnated F a R 


find the Center of a Circle which ſhall paſs through thoſe three Points. 


FT He three Points given are A, B, and C; now itis required to find 
® Circle, whoſe Circumference ſhall paſs through thoſe three Points. 


Firſt, Open your Compaſſes to any diſtance 
greater than halt the diſtance between Band C; 
then place one foot in the Point B, and with the 
other deſcribe the Arch F G 3 then the Compaſ- 
ſes remaining at the ſame diſtance, place one 
foot in the Point C, and with the other turn'd 
about make the Marks Fand G ia the former 
Arch, and draw the line FOG. 

In like manner open your Compaſſes to a diſ- 
tance greater than half A C; place one foot in 
the Point A, with the other deſcribe the Arch 
H K : then the Compaſles remaining at the ſame 
diſtance, place one foot in the Point C, and 
turning the other about, make the Marks HK in 
the former Arch. Laſtly, draw the Right Line 
H K, cutting the Line F Gin O, ſo ſhall O be 
the Center, upon which you may deſcribe a Cir- 
cle at the diſtance of O A, and it ſhall paſs 
through the three given Points ABC, which 
was required. 


PROB. g. Ts deſcribe a Circle in 4 Triangle, 


that ſhall only touch the three Sides. 


| Bw the Triangle beABC; then divide the Side 
of the Triangle AB in two equal parts, as at E, 
and draw theLineCE; and likewiſe divide B C 
equally, and draw the Line AD, where they croſs 
one the other, as at O, that is the Center of the 
Circle : Therefore put one point of the Compaſs in 
in the Center O, and extend the other until it touch 
either fide, and deſcribe the Circle CDE, which 


will only touch the Sides of the Triangle A B C. 


PROB. 10. Abont 4 given Triangle to deſcribe 


a Carle, 


By the Triangle be ABC. This is only 
che eighth Problem in other words, that 
is; through che three Points A BC, to de- 
ſcribe a Circle, and is performed as you ſe 11 
the Figure, | 


At 


LOTT TO TYYTYY 


B 


ight Line, how to 
the Center of a 


CI\ 
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| ' Any three Right Lines being given, ſo that the two ſhorteſt together be longey 
PROB. n1 ny — the third, ro wake thereof a Triangle. 


Et it be required to make a Triangle 3ioqpe _ aye * B, ee C, the two 
vs and B together, are longer than the third C. 

ETeR 4 axe Firſt draw the Line DE equal to the Line B; then 
Ls A take with your Compaſſes the Line C, and ſet> 
— ting one foot in E, with the other deſcribe the Arch 
—C FE: alſo take with your Compaſlles the Line A, and 

placing one foot in D, with the other deſcribe the 
Arch GG, cutting the former Arch in the Point K. 
Laſtly, from the Point K draw the Lines K E and KD, 
which ſhall conſtitute the Triangle K D E, whoſe ſides 
ſhall be equal tothe three given Lines A, B, C. 


= E 


PROB. 12. Having « Right Lint piven, How to make a Geometrical Square, iboſe ſide 
ſhall be equal tothe Right Line given. 


{ 


: "He Line given is R I, and it is required to make a 
D Geometrical Square, whoſe Sides ſhall be equal to 
the Line R I. 

Firſt draw the Line A B <qual to the given LineR I, 
then (by the ſecond Problem) upon the Point B raiſe the 
Perpendicular B C, making the Line B C equal to the given 
Line Rl; then taking the faid RI in your Compalkes, 
place one foot inC, with the other deſcribe an Arch at D; 
and the Compaſſes being at the ſame diſtance, ſet one fook 
A B in A, and croſs the former Arch at D; then draw the 
(= , Lines D Cand D A, which ſhall include the Geometri- 
I I calSquare ABCD, which was required. 


pROB. 13. Two Right Lines being given, to find a third which ſhall be proportional wnto them] 


Et the given Lines be Aand B; anditis required to find a third Line which ſhall be 
proportional ynto them. | 


. 


Firſt draw two Right Lines, making any Angle at pleaſure, as the Lines L M and MN 
making the Angle LM N: Then take the Line A in your Compaſles, and ſet the length 
_ fromMtoE ; alſotake the Line B, and ſet the length thereof from M to F, and 
alſo from M to H; then draw the Right Line E H, and from the Point F draw the Line 
F Gparallelto E H : So ſhall M G be the third proportional required : Arithmetically ſay, 

Ai MEte MH: PORTRAY. | 
'8 I2 12 I 


= ao 


24 X84 (18 
12 88 


144 


L 


© 


F 


Geometrical Problems. 25 


Chap. IV. x 


I 


PR 
— 


PROB. 14. Three Right Lines being given, tofind a feurth in proportitn to them. 
He three given Lines are A,B, C, 


OL unto which it is required to find yo —_—y 2 
& fourth Proportional Line D. c 20 

This is to perform the Rule of Wh ada SS... 2 E 
Three. Asin the laſt Problem, you , A 


muſt draw two Right Lines, making 

any Angle at pleaſure, as the Angle 

EFG; then take the Line A inyour 

Compaſs, and ſetitfromFtol; then | 

tike the Line B in your Compaſſes, and 

ſet that from F to K, drawing the 

Line IK, then take the third given F< G 
Line in your Compaſſes, and ſet that K L 


from F to H, and from the Point H draw the Line H L, parallel to I K; So ſhall 
Line F L be the fourth Proportional required. 


Note, That theſe Lines are taken off a Scale, that is divided into 20 parts to an Inch. 
To do it Arithmetically fay, | 


As Fl isto FK: Sois FH to FL 


24 28 36 42. 
28 
24 288 
xXoo8 (42 72 
24+ 1003 
2 


Here note, That in perfortnance of the laſt Problem, the firſt and third Terms, namely 
the Lines A and C, are ſet upon one and the ſame Line, as here upon the Line FE, and 


the ſecond Line B upon the other Line F G, upon which Line alſo the fourth Proportional 
will be found. | 


PROB. 15. To work the Rule of Proportion by a Scale of equal Parts, and ſuch other Con- 
clyſions 45 are uſually wrought in Lines or Numbers. 


7 [ THe Scale of equel Parts will perform ſuch Concluſions as are uſually wrought in Lines 
or Numbers, as in Gunter's 10 Prob. 2. Chap. SeFor, may be ſeen, and in others 


that bave writ in the ſame kind, This way following Foſter hath directed to in Chap. 1, 
of Poſthums Foſteri, | 

An Example in Numbers. As 16to7: $o 158 to a Fourth. | 

Here becauſe the ſecond Term is lefs than the firſt, upon the Line AB, I fet AC the 
firſt Term 16, and A D the ſecond Term, both taken ont of the Scale of Equal Parts : 
thence alſo the third Number 8 being, raken, with it upon the Center C, I deſcribe the 
ArchE, and from A draw the Line A E. which may only touch the fame Arch; then 
from D, I take D G, the leaſt diſtance from the Line A E, and the ſame meaſured on the 
ſame Scale of Equal Parts gives 34, the fourth Term required. 


But if the ſecond Term be greater than the firſt, then the form of working muſt be 
changed, as in the following Example, 


As 7 to 16: So 21 to a Fourth. - 


Upon the Line A B I ſet the ſecond Term 16, 'which js here ſuppoſed tobe AD; then 
with the firſt Term 57 vpen the Center D, 1 deſcribe the Arch G, and draw the Line AG 
that may juſt touch it : Again, having taken 21 ont of the ſane Scale, I ſet one foot of 
that Extent upon the Line A B, removing it until that the other foot being turned abour, 
will juſtly touch the Line A G before-drawna; and where it reſtetn, 1 make the Point 


C; then meaſuring A C upon your Scale, you ſhall find ic 48 Parts, which is the fouryhi 
Number required. 


I haye been the more large upon this, becauſe in the following Treatiſe I ſhall quote 
ſome other places in Poſthuma Foſters : and the Solution of Proportions muſt be referred 
thither, the form of their Operations being the ſame with this. 


PROB. 16. To divide a Right Line given, into two parts, which ſhall have ſuch proportion 
one to the other as two given Kight Lines. 


He Line given is A E, andit is required to divide the fame into two parts, which 

[ ſhall have ſuch proportion one to the other, as the Line C hath to the Line D. 
B vP Firſt, From the Point A draw a Right Line 
at pleaſure, making the Angle BAE ; then 
take in your Compaſſes the Line C, and ſet 
itfromAtoF; andalſo take the Line D, 
and ſet it from F to B, and draw the Line 
BE : Then from the Point F draw the Line 
20\ F G, parallel to BE, cutting the given Line 
AE ain the Point G: So is the LineAB 
| divided into two parts in the Poinc G, in 


2 proportion to each other, as the Line C is 
E 3 _ tothe Line D. 


A. G 40 


Arithmetically, Let the Line A E contain 40 Perches or Foot, and let the Line C be 20, 
and the Line D 30 Perches ; and let it be required to divide the Line AE into two parts 
being in proportion one to the other, as the Line C is to the Line D. 

Firſt, Add the Lines C and D together, their Sum is A B 50: Then ſay by theRule of 
Proportion, If 50 the whole Line A B, give 40 the whole Line A E : What ſhall 3o the 

reater given Term give ? Multiply and divide, and you ſhall have in the Quotient 24 
or the greater part of the Line AE; which being taken from 40, there remains 16 for 
tiie other part AG : For, 


As ABisto AE: Sois BFto EG. 


go 40 30 24 
40 
20 oſs) 
x200 (24 120 
b& hd 1200 


PROB. 17. To divide a Triangle into two parts, according to any proportion aſſigned, by 4 
Line drawn from any Angle thereof ;, and to lay the leſſer part pe gd ph —_ 7 
" Et ABCbe a Triangle given, and let it be required to divide the ſame by a Line 


drawn from the Angle A, into two parts, the one bearing proportion to the 


wry As the Line F to the Line Gz amd that the leſſer part may be towards the 
Side AB, 


By 


rd. acti. —_—_— 


Chap. IV. ; Geometrical Problems, 


By the laſt Problem divide the Baſe F 6 A. 
of the Triangle B C in the Point D, in | 
@roportion as the Line F isto the Line 
G (the leſler part being ſet from B to 
D,) and draw the Line AD, which 
ſhall divide the Triangle ABC in pro- 
portion as F to G. 


As the Line F, 1s to the Line G : So:ig 


the Triangle 4 DC, to the Triangle 
ABD, 


4 NE 
. . c 
0 RO” Baſe of the Triangle being known, to perform the foregoing Problem 


Uppoſe the Baſe of the TriangleB C be 45, and let the pronortion 3 
5 Triangle AB C is to be divided, be as gh 40. Firſt ro gr dypotigparBane chr 
Terms together, 20 and 40, which makes 60 ;, then ſay by the Rule of Propoy tzon, If 60 
the Sum of the Proportional Terms, gives 45 (the whole Baſe B C,) What ſhall 40 the 
greater Term give * Multiply and divide, and the Quotient will give 30, for DC the 


greater Segment of the Baſe,* which being deducted from the who! re wi 
remain 15 for the leſſer Segmenr BD. ole Baſe 45, there will 


As 6oOISto 45 : SDis40 to 30. 


99 40 
X899(30 "I? 
699 
& b 
PROB. 19. To divide a Triangle whoſe Area or Content u known into two Parts, by a Lint 
drawn from an Angle aſſigned, according to any Proportion required. « 


Et the former Triangle AB C contain 9 Acres, and let it be required to divide the 

ſame into two Parts, by a Line drawn from the Angle A, the one to contain 5 Acres, 

and the other 4 Acres. Firſt, meaſure the whole length of the Baſe, which ſuppoſe 

45 3 Then ſay, If 9 Acres the quantity of the whole Triangle, give 45 the whole Baſe, 

W hat parts of the Baſe ſhall 4 Acres give? Multiply and divide, the Quotient will be 

20 for the leller Segment of the Baſe B D ; then draw the Line A D, which ſhall divide 
the Triangle A B C according to the proportion required. 


If 9 Acres give 45, What ſhall 4 Acres give? Anſwer 20. 


= 45 
XS2( 20 4 
99 180 


PROB. 20. To divitie a Triangle given into two parts, according to any Proportion aſſigned, 
by a Line drawn from a Point given in any of the Sides thereof ,, and to lay the greater or 
leſſer towards any Angle aſſigned. 

He Triangle given is ABC, 
and it is required from the 
Point M co draw a Line that ſhall di- 
vide the Triangle into two parts, 
being in proportion one to the other, 
as the LineN is to che Line O; and 
to lay the leſſer part towards B. 
Firſt, from the limited Point M 
draw a Line to the oppoſite Angle at 
A; then divide the Baſe B C in pro- 
portion as O to N, which Point of 
Diviſion will be at F; then draw 
FD parallel to AM: Laſtly, from 
D draw the Line D M,. which will 


SC 


divide the Triangle into two parts, being in proportion one to the other, as the Line 
- ; , 


15 tothe Line N. 


Geometrical Problems. | Book 1; 


JE 


PROB. 21. Toperform the foregoing Problem Arithmetically, 


T is required to divide the Triangle A BC, from the Point M, into two parts in pro- 
portion, as 5 to 2, pt _E 
Firſt, divide the Baſe BC according to the given Proportion ; then becauſe the leſſer 
Part isto be laid towards B, meaſure the diſtance from M to B, which ſuppoſe 32 : Ther 
ſay by the Rule of Proportion, If M B 32, give F B 16, what ſhall A B 38 give? Multiply 
and divide, the Quotient will be B D 14 ; then from D draw the Line D M, which ſhall 
divide the Triangle according to the required Proportion. 


PROB. 22, How to divide a Triangle, whoſe Ares or Content is known, into two Party, by 
4 Line drawn from a Point limited, in any Side thereof, according to any numicr of Acres, 
| Roods, and Perches. 


YN the foregoing Triangle A B C, whoſe Area or Content is 5 Acres 1 Rood, let the 
I limited Point be M in the baſe thereof ; and ler it be required from the Point M to 
draw a Line, which ſhall divide the Triangle. into two parts between Johnſon aid Powell, 
ſa as Johnſon may have 3 Acres, 3 Roods thereof, and Powell may have 1 Acre and 2 
Roods thereof. | ET 

Reduce the quantities aſſigned to each of them into Perches, ſo Fobnſon hath 600, and 
Powell 2.40 Perches ;, then you are oply to perform the foregoing Problem, that is, to di- 
vide a giyen Triangle from a Point aſſigned in one of the Sides, into two parts in pro- 
portion to each other, as 60o to 240, or as 5 to 2. 

PROB. 23. From a Line given, to cut off any Parts required. 


He Line given is AB, from 
which it 1s required to cut off 
3 Parts. 

Firſt, draw the Line AC, making 
any Angle, as CAB; then from A 
ſet off ” equz) PTS, AS i, 2433 445 
6, 7zand from 7 draw thcLine 7 B. 
Now becauſe 4 is to be cut off trom 
| | the Line A B, therefore from the 
A. B Point 3 draw the Line 3 D, parallel 
3 D / ppt to 7 B, cutting the Line AB inD, 

ſo ſhall A D be 4 of the Line AB, and DB ſhall be 4 of the ſame Line. 

|  ASA7istoAB: Sois A3toAD. 


PROB. 24. To find a tween Proportional between two Lines given. 


N the following Figure, let the two Lines given be A and B, between which it is requi- 
red to find a Mean Proportional. Let the two Lines A and B be joined together in 
the Point H, making one Right Line as C D, which is divided into two <qual Parts in the 
Point G z upon which Point G, with the diſtance GC or G D, deſcribe the Semicircle 
CFD; then from the Point H raiſe the Perpendicular H F : 5 ſhall the Line H F be a 

Mean Proportional between the two given Lines A and B. For, 

AsHDistoHF: SoHFtro HO. 
EE iz 16 


PROB. 25. To find two Lines, which together ſhall be equal in Power to any Line given : 
And in Paner the one to the other, according to any Proportion aſſigned. 


| þ this Figure, let it be required to find 
two Lines equal in Power to CD, and in 
Power to each other, as A to B. 

Firſt, divide the Line C D in-the Pojnc H, 
in proportion as A. toB (by Prob. 16.) then 
divide the Line CD into two equal Parts in - 
the Point G, and onG, at tht diſtancg GD 
or GC, deſcribe the Semicirele C F D, and 
upon tbe Point H raiſe the Perpendicular HF, 
I6__ 9 cutting the Semicircle in F. Laſtly, draw 

25 G KH 92 D theLines CF and DF, which together in 
Power will be equal to the Power of the given Line CD; and yet in Power one to the 
ther, as A to B, PROBE. 


——— — 


Chap, IV. Grmarical Problems. 


PROB. 26. Howto divide a Triangle according to any Proportion given, by a Line draw: 
parallel to one of the Sides gruen, 


T7 following Triangle A B C is given, and it is required to divide the ſame by a 
Line drawn parallel tothe Side AC intotwo parts, which ſhall be in proportion 
one to the other, as the Line 1 is to the Line K. . 

Firſt (by Prob. 16.) Divide the LineBC in E, in proportion as I toK; then (by 
Prob. 2.4.) Find a mean Proportional between BE and BC, which let be BF. from 
which Point F draw the Line F H, parallel to A C, which Line ſhall divide the Triangle 


Ito two parts, v4. the Trapezia AHFC, and the Triangle H F B, which are in pro- 
portion one to the other, as the Line l is to the Line K. 


it. 


PROB. 27. Toperform the foregoing Problem Arithmetically. 


] = the Triangle be ABC, and let it be required to divide the ſame into two parts, 
which ſhall be in propertion ore to the ot er, 834 to 5, by a Line drawn parallel 
to one of the Sides A C. | | 

Firſt, Let the Baſe B C, contain- 
vg 54, be divided according to the 
proportion given, ſo ſhall the leſſer 
Segment BE contain 24, and the 
greaterE C30; then find out the 
mean Proportional between BE 24, 
and the whole Baſe B C 54, by mul- 
tiplying 54 by 24, whoſe Product 
will be 12963 the Square Root 
thereof is 36, the mean Proportio- 
nal ſought, which is BF. Then from 
the Point F draw the Line F H pa- 
rallel to A C, which ſhall divide the 
Triangle, as was required. 


C 


PROB. 28. To divide a Triangle of any known Quantity into two Parts, by a Line parallel 
to one of the Sides, according to any Number of Acres, Roods, and Percbes. 


He Triangle given is A B C, whoſe Quantity is 8 Acres, o Rocds, and 16 Perches 
'. and it is deſired to divide the ſame by a Line drawn parallel to the Side A C lo- 
i» two parts, viz. 4 Acres; 2 Roods, o Perches; and 3 Actes, 2 Roaods, and 16 

erches. 

Firſt, reduce both Quantities into Perches, and they wi'l be 720, and 576; then re- 
duce both theſe Numbers by abbreviation into the leaſt proportional Terms, viz. 5 and 
4; and according to that proportiori, divide the Triangle ABC, by the preceeding 
Problem. | 


PROB. 29. How to divide a Line in Power according to any Proportion grven. 


N this Figure, let it be required to divide the Line C D in Power as A to B, Fitſt, di- 
vide the LineC D in the Point E, in proportion as Ato B: Then divide the Line CD 
in two <qual parts in the Point G, | FH 
and upon G as 4 Center, at the diſ. gp... : 
tance G D, deſcribe the Semicircle 
FDC, and on E raiſe the Perpen- 
dicular E F, cutting the Semicircle 
In F: Then draw the Lines CF and 
DF, and produce the LineCF to 
H, till FH be equal to F D, and 
draw the Line DH. Laſtly, draw 
the Line F K parallel to DH: Then 
ſhall the Line C D be divided in K 3 
{2 that the Square of CK ſhall be 


to the Square of K D, as E Cto E D, 
or asBto A. 


—_— 


20 Geometrical Problems. _  Pook I. 


—— 
PROB. 30. To 0n.niſh a Plot given according to any Proportion required. 


\ 


ErABCDE bea Plot piven, toy 
be diminiſhed in Power as L 
to K, 

Divide one of the Sides, as AB in 
Power as L to Kin the Point F, then 
from the Angle A draw Lines to the 
Points Cand D. That done, from F 
draw a parallel to B C, cutting AC in 
G, as FG: Again, from G draw a 
parallel to D C, cutting AD in H. 
Laſtly, from H draw a parallel to 
£ DE, cutting AE inI: So ſhall the 
A & PlotAFGHIl belike ABCDE, and 
in proportion to it, as the Line L to the Line K, which was required. 


PROB. 31. Howto make a Triangle which ſhall contain any Number of Acres, Roods, and 
Perches, and whoſe Baſe ſhall be equal ro any (poſſible) Number given. 


Et it be required to make a Triangle which ſhall contain 6 Acres, 2 Roods, 25 Per- 
L ches, whoſe Baſe ſhall contain 59 Perches. You mult firſt reduce your 6 Acres, 
2 Roods, and 25 Perches, into Perches, which makes 1c6s5. 


A E Now to make a Triangle that ſhall contain 1065 
R D Perches, and whoſe Baſe ſhall be 50 Perches, do 
/ thus 3 double the number of Perches given, namely 


1065, and they make 2130 ; then becauſe the Baſe 
of the Triangle muſt contain 50 Perches, divide 
2130 by 50, the Quotient will be-42+ which will 
be the length of the Perpendicular of the Trian- 
gle. This done, from any Scale of equal parts, 
lay down the Line BC equal to 50 Perches; then 
upon Craiſe the Perpendicular CD, equal to 424 
Perches, and from D draw the Line AD parallel 
B 50 © foBC; thenany Point in the Line AD, as toE 
| draw the Lines BE, and CE, including the Tri- 
angle BE C, which ſhall contain 6 Acres, 2 Roods, 25 Perches, which was required. 


> 
12 
lv 


PROB. 32. Toreduce a Trapezia into a Triangle, by a Line drawn from any Angle thereof. 


He Trapezia given is A BDC, and it is required to reduce the ſame into a Tri- 
angle from the Angle at B. 


Firſt, extend the Live DC, and 
draw the Diagonal BC; then from 
the Point A draw the Line A F, pa- 
rallel to C B, till it cut the extend- 
ed Side D C in the Point F. Laſtly, 
from the Point B draw theLineBEF, 
conſtituting the Triangle F B D, 
which ſhall be equal to the Trape- 

D 7waABDC. 


And ſo 1 have concluded what 1 did intend of Geometrical Problems, and no Book (as 
I remember) now extant of Navigation, hath the foregoing Problems ſo large 


The End of the Firſt Book. 


"> "_ 
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v The Second Book. 


» The ArGuaenT. 


Yr come to ſee a Signt, the World's the Stage ; 
Perbaps you't ſay, *Its a Star-gazing Age. 
Come out and ſee the Uſe of Inſtrument, 

Can Speculation yield you ſuch Content ? 

T hat you can reſt in Learning but the Name, 

Of flying Pegaſus, or ſwift Charles. Wain ? 
Land would you learn to know how he doth move 
About bis Axis, ſet at work by Jove ? 

If you would learn the Praftice, read, and then 

I need not thus intreat you by my Pen, 

To tread in Arts fair Steps, or gam the way : 
Goon, make baſte, Delinquent, do ot ſtay. 

Or will you ſcale Olympick Hills ſo bigh ? 

Be ſure take faſt bold on Aſtronomy ; 

Then in that fair-ſpread C anopy no way 

From thee 1s hid, no not Galaxia. 

Toey that deſcend the Water®s deep, do ſee 

Our great God's Wonders there, and what they bc. 
They that contemplate on the Starry Sky, 

Do ſee the Works that he bath framd ſo high. 
Then learn the Worlds Diviſion, and that Art 
Which I ſhall ſhew you in this Second Part. 


N this Book is contained the Deſcription, Making, and Uſe of the moſt neceſſary fn- 
ſtruments belonging to the Art of Navigation ; as the Mathematical Roler, on which 
are theſe Scales following; viz. The Line of Chords, Points, Leagnes, Longitude, 
Natural Sines, Targents, Secants, at one End ; at the other are Dialling Scales, viz. 
The Chords and Gnomon Line, and Scale of ſix Hours ; Scale of Inclination of Meri- 
dians, and two Scales for cnlarging the Hour-lines, upon any reclining, inclinin -, or 
declining Plain without a Center, called the greater and lelſer Pole : On the other Side 
are Lines of Artificial Sines, Tangents, and Numbers : A Meridian Line, accord- 
ing to Mr. Edward Wright*s Projettion ; and Tables for the making of theſe Scales, with 
a Line of Longitude and Reduttion ; alſo a uſeful Traverſe-Scale, with a Table for to 
make it, with Artificial Rhombs for Points, Halves, and Quarters. AMothe making of 
the Sinical Quadrant, and ſoordered, that by the help of an Index, and Lines thereon, 
it ſhall anſwer many uſeful Queſtions in Aſtronomy and Nawgation. Alfo the making 
the plain Sea-Chard, the true Sea-Chard, and particular Chards for any plicez with the 
moſt uſeful and neceſſary Semicircle. that will protract any Courſe upon any Chard, 
without drawing Rhomb-Lines to fill the Chard 3 that fo, by help of this Inftrnment, 
the Chard may ſerve for many Voyages. Alſo the Making and Uſe of a Compleat 1n- 
ſtrument, on the back ſide of a NoGturial, with 3t of the moſt noted Fixed Stars ; 
which ſheweth rhe hour of the Night that any Star cometh to the Meridian, with his De- 
Clication N. or S, Alſo a Table of the Declination, Right Afcenſion, Latiryde and 
Longitude from Tycho's Tables, reCtified for the year 1671. Onthe other fide a NoCftur- 
nal ſo ordered, that it ſhall give you the hour of the Night by the North-Star and bright. 
elt Guard, and his bearing from the Pole, whereby you may take the Declination; and 
It likewiſe ſheweth the Suns place in the Ecliptick every day in the year ; the making and 
the uſe of the Croſs-ſtaff, Back-ſtaff, and Quadrant. As alſo a Kalendar ſhewing the 
Prime, Epatt, and Dominical Letter, with a Table of ths Sons Declination; and the 
uſe thereof; 


x 


Book 1I, 
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A Deſcription of Inſtruments. -- 


I 


CHAP. I. Of Inſtruments in general, 


'FY particular Deſcription of the ſeveral Inſtruments that have from time to time 
been invented for Mathematical Prattice, would make a Treatiſe of it ſelf ; and 
in this place it is not ſo neceſlary to be inſiſted on. To omit therefore the Deſcription 
of unneceſſary Inſtruments, 1 ſhall immediately begin with the Deſcription of thoſe 
which are the Grounds and Foundation of all the reſt, and are now the only Inſtru. 
ments in eſteem amongſt Navigators and Mariners at Sea, which are chiefly theſe ; wiz. 
The Mathematical Rulcr, the Plain Scale, the Sinical Quadrant, the Plain Sea-Chard, 
and the true Sea-Chard, the particular Chard, the Semicircle or Protraftor, the Noc- 
turnal, the Croſs-ſtaff, Back-ſtaff, and Quadrant. Now as I would not confine any Man 
to the uſe of any particular Inſtrument ; ſo | would adviſe every Man not to incumber 
himſelf with Multiplicity, fnce theſe aforeſaid zre ſufhcient for all Occalions. T heſe 
Inſtruments have been largely deſcribed already by divers Authors ; but ſome not fitted 
with Tables for the making of them. Therefore in this place it will be very neceſſary 
ro plve a particular Deſcription of them, that ſo if any man hath a deſire to any parti- 
cular Inſtrumeut, he may give the better direftion for the makiog thereof, or be able to 
make it himſelf. 

Foraſmuch as there is a continual uſe both of Scales and Chards, which are on the Ma- 
thematical Scale, in drawing of Schemes in the Art of Navigation, and other Sciences 
in this Treatiſe ; therefore we will give the Diagram of the Mathematical Scale, that 
Mariners may underſtand the making of ther, which is commendable in an expert Ma- 
riner. 1 could wiſh that all Maſters and Mates wereable to make their own Inſtruments, 
that if they ſhould be long at Sea, and by diſaſter break or loſe their Inſtruments, they 
may beable to make more themſclves. 

- For the Inſcription of the Chords, Sines, Tangents, and Secants, the Semidiameter 
AB muſt be divided into 100, 1000, 10000, or 10c000 equal parts; and then by the Ta- 
ble of Natural Sines, Tangents, Secants, Chords, and Points, which 1 have fitted on 
purpoſe for this Work. Theſe Lines are caſily divided, as is ſhewn hereafter. 


G 
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Chap. E. of the Line of Cbords. + 33 


_ Here followeth a Table of Chords to every Deg. of the Quadrant. | He that deſires 
It larger, may take it to the parts of a Deg. The Chord is the Natural Sine of«half the 
Arch doubled, | . | 
@ Example, If you double the Natural Line of 6. 15. 25. 30 Deg, you ſhall produce the 
Chords af 12. 30. 50. 60 Deg. thus 1045 is the Sine of 5 Deg. being doubled, the 
Sum will be 2090 the Chord of 12 Deg. and ſo of the reſt, as in the Table following. 
This done, proporti- nas 
on the Radius of a Cir- | De? Chord! (De| Chord| [De|Chord| |Dz Chord, |De Chord| De) Chord | 
cle to what extent you | o1) 278 ; 534 46| 781 61.1015 7611231 
pleaſe z make A B equal |oz! 35' [17 296] 132] 551] [47] 797] [621039] [77/1245 
thereto, which muſt be 03 52] '18| 313] [33] 568 48; 813] |[63\1045] [78/1259 
divided into equal parts O04 70 19 33c} [34] 585! [49 830 5411060 79\1273 
as before direCted, and , | of 87. |20| 347] 135] $01] [50, 845] [65/1074] [80/1286 
by this Table,the Chord | 06 105 21] 364] [36] 618] [51] 861 66 1589 8111299 
of any Arch propnrtion- _ 122) [22 332] [37] 633] [52'| 876 671104 $2/t312 
able to this Radivs, may | v8; 139) as 398] [38] 651] [53] 892] |68|rr18 $3 1325 
ſpeedily be obtained. 09 157 24 416] [39] 668! |54! 908] [69/1133] 84/1338 
For Example, Let there | 10 175 z5| 432] |4o] 684] |55| 923\ {501147 8511351 
be required the .Chord ti 192' 26| 45c| [41] 700] [56] 939 7111161 8 1364 
of 30 deg. the Number | 12. 20g 27] 466| [42] 717] [57] 954; [72/1176] 871377 
in the Table is 518; or | 13] 226 28| 484| [43] 733 [5%] 979 73\119c 88|1389 
in proportion tO the | 14] 244 29] 501] 144] 749 |5s| 984! !741204] 89/ty402 
Scale of 100 equal Parts | 30] 518] [45 765| [6c Looo! [75!1217] goilgne 
itis 52 almoſt; I rake mu | 
therefore52 from 


A Table for the Angles which every Rhomb maketh, with the Meri. 
=_— ——_—_ dian, and the Chords of every Quarter Point of the Compaſſes, 
them from B to | North. South. jdeg. min. ſec.|Chor| | South. North. | 
30 deg. upon the | pare *- af 49 
Line 6f Chords. 5 - = 98 p 
Thus may you | 8 26 15| 147 | 
find the Chord 'N, þ, EF. [s.b.E. {it 15 oo| 195]S. b W. [N.b.W. | 1_ 
of any otherArch —_ wah EY RIOT DG rats HAS 
agreeable to this 6. ed. on 
Kadius. Or if | A 6 = 
your Radius be of 
2 greater or lef. N-_N- E- |S.S.E. [22 39 oo| 3998. $. W. {N.N.W. | 2 
ſer extent, you 25 18 45] 427 
muſt make A B 28 7 30] 485 
equal thereto ; ; 39 56 15| 533 | 
only remember, N.E b. N.!S. E. b. S. [33 45 ©0 550 $. W. b.  S,N.W- b.N.} 3 4 
of the Arch 6s "238 

a 22 30 

ſired exceed 60 yt IT + = 
deg. - you muſt yy, FE {x 45 00 oo 767]1.W. _|N.W. | 4 
continue the Ling ————— — — —— ;- 
A B in the divi- ue 48 N- 3h 
on of ſuch parts, p 4 bo - ; #32, | 
ebony = this N.E.b. E-S.E. b. E: 5s 15 oo| 9421S. Wb. W/N.W.b.W.| 5 


manner is made 59 3 45|-985 
theLineofChords | 61 52 30 1028] 
in this. Diagram | 64 41 151069 n | 
anſwerable to |E. N. E. [2 S.E. |67 39 0o0,1111|W. S, W. JW. N.W.|s, 
that Radius. And |" TT [Po 18 aging) 
in this manner 73 7 301190 
you may find the 75 56 15123 | 
Chard of the | þ,N, |E.b.S. |718 45 02/1268. b.S.. WW, b.N. |7} 
Points, halfs, and AG RE _ _— 2s ; 
quarters, and the N, oe 4511305 
Sines, Tangents, Ba F —_— | | 
pour por Eaſt. [Eaſt: go os corqirqWeſt. _ Welt. _ z| 

; OnY. = M Mg [8 tionable 

. | I P ' 4 
. , -_ 
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", R Of the Lines of Longitude, and of Book I. 


_— 


tionable toany Radius, by help of theſe Tables following 3 as by Example may more 
in] . TORS ; 
F Lirtie be required the Chord of the firſt Point in the Scale, 11 d. 15m: in the 
Tabl » . | 
The Number anſwering to 11 deg. 15 min. is 1955 I take therefore with my Com- 
pales 19, or reckon ſo many on the Scale of equal parts, which is joyned with a Line 
intended to be made 3 and ſo with a Square for chat purpoſe, as ſhall be ſhewed, mark 
from F towards $ the firſt Point 11 deg. 15 min. the Radius of the Circle being AB z and 
ſoof the reſt. 


_ . He Line of Longitude is divided by {hel 

| A Table \ 1 —_ Ll of this Table, the uſe of which is ry 
ee. nv ealie3 for in the firſt, third and fifth Colums are 
td M. Chords| the min. of Longitude on the Line of Longi- 
d. ſec ec | tude; andin the ſecond, fourth, and ſixth, the 

Chords in deg. and min. againſt which the min. 
of Longitude are to be divided: Therefore 
having divided a Line of Chords to go, you 
may divide the Line of Longitude thereby. | 

Exarp. 1 Min, of Longitude is againſt 89 d, 
2 min. on the Chords, 2 min. againſt 88 d. 6 m. 
3 min. againſt 87 d.8 m. and ſo of the reſt. 

The uſe of this Scale is to find how many 
min. of the Equinottial make a deg, of Longi- 
tude in any Parallel of Latitude. 

Examp. In the Latitude of 40 deg. how ma- 
ny min. (or Miles) make 1 deg. of Longitude ? 
Extend your Compaſles on the Line of Chords 
from the beginning of the deg. to 40 deg. that 
extent ſhall reach from 60 min. on the Line of 
Longitude, to 46 min. and ſo many min. make 
a deg, of Longitude in that Latitude, 


| =| 


1 
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A Table of NaturalSines to the Radius of 1000. F Yo is aRightLine, 


falling from the 
end of an Arch perpen- 
17, [16 dicular to the Diameter, 
35 which is drawn to the 
52 3 $|. otherend cf the Arch; 
70 / ſo CDis a Sine of 60 
87 deg. By this Table of 
105 5 Natural Sines, to every 
122 deg. of the Quadrant 
139 which I have fitted for 
156 | this purpoſe, whoſe Ra- 
154 | is 1000, you ſhall find 
191 | Sine of go deg. to be 
200 866. I take therefore 
225 with my Compalles 86 
242 | from my Scale of equal 
259| | 1071 160 parts,and ſet them from 
Atowards$ in the Line 
' of Sines for 69 deg, (where the Radius of the Gircle is A B,) and the Number in the 
Table anſwering 30 deg. is 590 + take therefore with your Compaſlles 50 equal parts of 
AB, and lay it from A upon the Line of Sines for 303 and ſo of the reſt. 


De;Sines 


A 


Chap IL 


Natural Sines and T angents. 


| 


| A Table of Natural Tangents to every Degree 
T 46 ies {ed of the Quadrant. 
angent is a Rig - — 
oA og the Circle,and wy oh DeſTan. DeſVan-| DejTan, [De]. Tangents 
is limited by the Secant z as B 1 17] [ig] 344] [37] 754] [5511428] [73 3271 
G in the Diagram, which is | 2| 25) 120] 364] [38] 781} [561483] [74 3487 
the Tangent of the Arch BC | 2| +2] [21] 384] [39] 810] |57|1540 73| - 3732 
60 deg. and in the Table of | | -0of [22] 404] [40} $39] |58\1600| [75 4011 
Tangents you ſhall find it to | 5| $7] [22] 424] [41] 869] |59|1664 17) 4331 
be 1732 equal parts 3 there- | 5 105] [24] 445] [42] 900 6011732 78 705 
fore take with your Com- | -| 122] 124] 466] [43] 933] |61]1804 79 5145 
paſſes 173 parts,and that will | g| ,1| 125} 488] |44| 966 '62]1881| 80] $671 
reach from Bto G, the Tan- | | 158| 129] 510] [45] 1000 (63 [963 $1] 6314 
gent of 60 deg. in the Scale, |,o| 176| [2$| 532] [4611036 64 2050! [82] 7115 
and the Tangent 3o deg. is [1 194) 29] 554] [4719724 !65]2145] 83} $8144 
577 parts therefore take 57 || 213 30] 577 q4 [110] [66/2246 [84 9514 
cts, and it will reach from {, 231 |31] 601] [4s|1150| [6712356] |85] 11430 
| aha 3 ” 
B to the length of 39 deg. | 17 249, [32, 625] [5c]1 132] [58[2475] [86] 14301 
and ſo of the reſt. 15] 268] (33! 649] [51]1285]| [69]2605] [87] 19081 
16] 287] [34 675] [52[1290 70/2747 $8] 28636 
17] 306! |35| 700] [5311327] [71/2904 39} $7290 
[rs 325! 136! 7271 15411377] 7213078] 190! Infinite. f 
A Secant is jt Line yo gra [A Table of Secanis to every Degree of the Quadrant, 
from the Center of tne | Sec. | Ve, SEC. | |DefSec. | |De Sec. | De} Secants. 
Circle, until it meet _ = - __ [is 1058 = pay $i I = FN 
Fe _\ gin 6 2[1001] |29[1064! [38]1269 56 1.788, 74 3628 
PL CS AUBC 60 | 3|roor] [2111071] [3911287] 157 1836! [75 3864 
Hy" : py the Secant of | 4[1002 221078 40,1305 58 1887 790] 4133 
ny Bag this Table of Se- | 5|1004] [231086 411325 391942) 177] 4445. 
wy * _ _ equal | 61005] 124 1095} [42/1346] 602000 78] 4g810 
—_ Hg refore takeoff 200, | 71007] [25/1103] [4311367] [51 2063] [79 5241 
| ſhall _——_ Ato Gfor | Sj1o10 26'r 13 44/139 #22136 boy 3759 
ce canto ode andthe | pjtoa) [27125] 65418 (6391 [$1] 3g 
_ * 0. ot yh t1ijIO19 29 1143 4711466 65/2366 83 8205 
beref ke with your 121022] [39'1155] [48/1454] [652458] [54] 9567 
Comte pres equal parts, 1311026 31,1167] 4911524, [67 2559 45] 11474 
and it ſhall at from A to= |14 1031] [32|[1179' 501556] 68 2659 56' 14335 
wards G for the Secant of 15/1035 33 as 3 LIT8 9 [2790] 4; * 4, | 
| 16,1040 I2C 2 2 | 
rr Foy, Fray a 17 1046 3$[0921 53 1652] [71]3071 |89 37299 
\1$\1051 3611236] \54[1701! | 7213236 1909. Infinite 


y 


A Verſed Sine is found by ſubtratting the Sine Complement out of the Radius. Examp- 
For to know the Verſed Sine of 60 deg. you mult ſubtract the Sine of 30 deg. vis. FOO 
out of the Radivs 10co, or Sine of go, AB, the remain will be D B 500, for the Verſed 
Sine of the Arch B C 69 deg. In like mannet the Verſed Sine of 30 deg. is 134 ; and ſo 
work in like manner for any other deg, 


ms 


— — 


CH4E i | 
Deſcribing whot Inſtruments of Braſs, Steel, Iron, aid Wood you maſt provide before you 
can make Inſtruments for Mathematical Uſes. 


ID Efore we explain the other part of the Diagram,' it will be neceſſary for to give a 

Deſcription of what Inſtruments in Braſs, Steel, Iron, or Wood you muſt have by 

you in readineſs, before you can make a Matherfarical Inſtrement 5 Thar Men Lp 
L . ingen 


-+ J6 27 How to make Inſtruments. Book Ik | 


ingenious, may be provided in ſome meaſure with ſuch before they go to Sea, to ſpend 
their ſpare time on this PraQice. ; 

Firf,For Inſtruments of Wood,you muſt be provided with ſeveral Scales of equal parts, 
of different lengths, according to the Radius of thoſe Lines you intend to divide.t 
You mult be fitted with ſome 
pieces of Box, ery, clean 
from Knots, ſtraight, and 
ſmooth planed, or other 
Wood, on which you may 
make what Scale you pleaſe. 
You muſt have by you a Square 
of Braſs and Wood, ſuch as 
you may ſee in this Figure, 
with a pair of Cramps made 
. of Iron, with Screws to fa- 
CPDDIQ Y ſten the Ecale of equal Parts, 

= | to the Scale to be made, ſo as 
they may not ſlip. Or for 
{mall Scales, you may faſten 
the Scale of equal parts, and 
the Scale to be made by it, on 
a piece of DealBoard,with the 
Heads of Scuper Nails, ſo as 


, they may not ſtir; but for 
greater Inſtruments, Croſs Staves, and Gavging Rods, you muſt divide them as this Fi- 


ure. You muſt have a Gauge made of Braſs, with a good Steel Pin,for the drawing of 

raight Lines on your Scale, for the diviſion of the Columns for Graduation. You muſt 
bave two or three Sorts and Sets of Steel Letters and Figures, and Figures for Orna- 
ment, with a neat Hammer to uſe with them: And the Figures, Letters, and Orna- 
ment-Figures, ſet in an Alphabet-Box, with written Letters and. Figures before them, 
for'the ready finding of them 3 with CharaQters of the Signs, Planets, and Stars. 

The [nſtrument that you divide with, the Edge muſt be very thin and ſharp, and yon. 
may have ſeveral of them 3. or. the end of a Pen-Knife may do for a ſhifr, You moſt 
have a Braſs pair of Compaſlles to go with an Arch and Screws, to faſten at any diſtance; 
and four Steel Points to take in and out ; two long Points for to reach a great diſtance, 
and two other ſhort Points z one Is to be made round for a Center-Point, that it may 
not go two far into the Wood; and the other pointed like a Dutch-Knife, and the 
Shoulder fitted ſquare to be faſtned, and taken in and out at pleaſure. The uſe of theſe 
Points is to draw Circles on round Inſtruments, as NoQturnals, and the like. You may 
have two pair of Dividers, the leaſt three Inches and a balf long. 1eſteem them beſt 
that are made with a Bow at the Head, and to be ſet together by a Screw in the midft. 
Be ſure they be made of good Steel. Theſe are to divide Equal Parts, or any other E- 
qual Diviſion. Yo muſt have for great Inſtruments, as Bows, Quadrants, and the, 
like, a pair of Beam-Compaſles, for to ſweep the Arches of them. You ſhould have a 
Hand-Vice, ſo made as to ſcrew into the edge of a Board for your uſe, and to take out 
again 3 with three or four ſorts of ſmall Files, for to file and make Pins, which you will 
have occaſion for. Take Charcoal, and bear it to a fine Powder, and temper it with Lin- 
ſeed-Oyl ; and let it be rubb'd on the Inſtrament newly divided, and lie fo on ir for a 
time, until it be pretty dry; and then with ſome Sallet-Oyl rub the Inſtrument, and 
make it clean.” So will you haye the Graduation and Figures ſet off very neatly on Box 
Inſtruments, with black. | 

And now [ have ſhewn the PraQitioner what Inſtruments he muſt be foraiſhed with» 


Lv return to the Explanation of the other part of che Diagram of the Mathematical 
Ruler. 


_— ng 444 
Chap. III. How to make Inſtruments, 37 2 
ll 


ſt 


GRASS SSSSSSSSSSIOAIGIS. 


— 


TSS 


The Figure of the Dividers. 


CHAP. Il 


The Explanation of the other part of the Diagram, being a De- 
ſcription of the Dialling-Scales on the Mathematical Ruler. 


s thy annexed Diagram ſheweth plainly the Deſcription of 


LS SSGCSSGSSN CIS STRESS SSSI AA CGI SAS SS CAL ALS. 
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the Dialling-Scales on the Mathematical Ruler ; it being 
the molt eaſie Inſtrument uſed in that Art, as will be mani- 
feſt in the Seventh Book, 
"16 
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How to make the Diagram. Firſt, make a Semicircle by a leſs Radius, as A D B, and 
upon the midſt of the Arch at D, with the diſtance D A deſcribe the Quadrant AE PB, 
which muſt be divided into fix equal arts, for ſix Hours, and from each yup draw 
Lines to the Center at D; ſo will it cut the Line ABia 3, 2, 3, 4» 5, 6, for the Hour 
Lines upon the ſail Scale for Dialling : And thus you ſec it is a Tangent Line, ane 
therefore it is more certainly done by this Table of Natural Tangents for three Hoars, 
if you do but obſerve where the Right Line D E cuts the Tangent Line A B, which isin 
the Center of the Semicircle at Rz therefore you maſt begin to make this Scale in the 
midft, and Iay the diſtance of Parts anſwering the Hours both ways from R towards B 
and A. 

Example, To Graduate 2 Hours and 4 Hours, you ſee inthe Table, the Number an- 
ſwering to 2 Hours and 4 Hours in the firſt and laſt Columns; is in the third 15 Degrees, 
and in the fourth Column the Tangent is 268 ; therefore if you take 268 ſuch parts 

 ___ whereof the Semidiameter R B is divided into 1000, 


wo _—__ as was ſhewed in the former Diagram ; and put one 
A bout nag oy —=— Foot of the Compaſlles with that extent at R (the 

Seals, 5”| midſt or 3 Hours,) and turn the other toward B, it 
will make the diſtance of 4 Hours; and turn that 


Ho. . [Tangents.|/M\ Ho. diſtance towards A, it will be 2 Hours of the Scale : 
* "algo and ſodo with the reſt of the Hours and Minutes. 
$7 A In like manner for the Scale of Inclination of Me- 
13230 ridians, you mult take the Tangent out of the T 
176/20 of Tangents to every Degree, and graduare in the 
2 22/10 ſame manner as before, from the Center which is the 
4 [60 26850, , ow of the Scale at 45 Degrees, as is plain in the 
—_ gram. 
315/30 For the Gnomon-Line; or as others call it, the 
364.40 Line of Latitude, let B A be the Semidiameter ; and 
_— on B deſcribe the Quadrant ABC, whoſe Arch 
499.0 AC divide into go Deg. from whence you may pro- 
520110) | jefttheLine of Sines BC. 
_ > FE nn Mo Now from each Degree of thoſe Sines, draw Lines 
637.5c toward the Center of them at A, and note where 
JOOE they cut the Arch of the Quadrant BD ; then from 
767 3C B, take the diſtance of each of theſe Interſe&ions, 
—_ and lay them on the Line B D : So ſhall you have the 
16 1 


Diviſion of the Gnomon-Line, or Line of Lati- 
1000 och © tude. 


—_— 


——_——————— 


: ——_— For the more ready making of this 

A Table ot Lattzaves for Dialing, Scale, here is a Table of Larirudes cal- 

D.| Par. D.\Par\D.\Pay (Ne = Par, culated to the 90 Degrees of the Qua- 

(\$0]991]6c(926145|816 15/354 | drant, and the way to calculate ic your 

78/9891591920144|307 114/332 | ſel, For Example, To find the Parts 
76985]58Þ9151431797| 131310 | for 3o Degrees of Latitude. 


| 74\98o[571909|421787 12/288 Firſt, Find the Sine thereof in the 
7219741561993 h 776 t11263 | Natural Table of Sines, which will be 
go|1000{70/968[55]896140;765 10/242 | found to be 5oood 3 which ſought for 


89|1000'69[965[54[88913 917 53]: 9/219] in the Table of Tangents, giveth an 


81195 | Arch of 26 Deg. 34 Min. Then the 
71171 | Proportion will hold, 


87] 999671958[52]87 51371729 
6 G11 47 


$11868|36/717 


85| 998'65]95015<[$60[35/704 51123 
84] 998[641945/49]852[34;690 4| 98 
83| 9971631941 48/$4413 3/676 3] 74 
82] 995162[936 47 835132|662 2] 49 
181] 994(61 931/46 826131 647 I} 25 
As the Radins = —— 00000 
Tothe Secant 45 Deg.— —14142T 


So is the Sine of 26 Degrees 34 Minutes —-—— 44724 
Unto the Parts for the Latitudem—n————— 63249 Which 


Chap. III. of the Didlling-Scale.. 
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39 


—_—_ 


Which anſwers to the Radius 100000 : But in the Table the Parts 632 anſwer to the Ra. 

dius 10003 Which will be ſufficient for the Graduating the Line of Gnomens or Latitude. 
And to make 3o Degrees of Latitude on your Scale, you muſt take off 632 ſuch Parts 

as the Line B D is divided into 1000, as you have been ſhewn in the former Diagram. 

# How to make the Line of Chords, you have been fully inſtruQted already in the for- 
mer Figure; which is only by dividing the Arch of the Quadrant AD into 9o equal 
parts 3 and from A take thediſtance, and lay them down in a ſtraight Line AD : So ſhall 
you have the Line of Chords : Or you may do it by the Table of Chords, as before- 
direCted. 

How to make the two Lines or Scales of inlarging Hour-lines upon any reclining Plain, 
without a Center, called (by me) the greater and the leſſer Pole. 

Here you have a Table ready fitted for the making thereof. Firſt, You muſt make 
choice of the length of rhis Scale, that is in Proportion to the former Lines of the Scale. 


The firſt 3 Hours muſt be divided into 
10 parts, and each of them into 10 more, 
as you have been ſhewn. You muſt have 
two of theſe- Lines of Equal Parts, of two 
proportionable Lengths, for the greater 


and leſſer Pole; and ſotake of the Tan- | #6. Ho. 144|D., M.\1 nag. 
gent-parts anſwerable to every 5 Minutes T5145 50 
of an Hour : As you ſee the firſt and ſe- 10]47 30 — 
cond Columns of the Table are Hours and 15148 435l11 = 
Minutes, the third Degrees and Minntes, 20150 ool1 wb. 
92 

and the fourth Tangents, Sothe Tangent 25151 21511246 
of the firſt 2 Hours of the Scale or 30 30152 30130 
Degrees, is 577 Parts; take of your two 35153 45/1 _ 
Scales 57 Parts ; firſt, of the largeſt Ra- a4ol55 colt 228 
divs for 2 Hours on the greater Scale, and 4515s 151149 
the like number of the ſmaller Radivs (or gol57 30 _ 
Line of equal Parts) for two Hours of the $5158 A5(1 - 48 
leſſer Scale. And ſo in the ſame manner | ; 4 l6o60 oolt732 
you muſt work to finiſh the whole Scales of | — NG cw 
what Radius you pleaſe, by theſe Tabkes, 561 15/1823 
as hath been directed. | 1062 3oſI921 

The uſe hereof is fully ſhewn in the Se- | 1563 452028 
venth Book of the Are of Dialling. - 2065 002044 

Theſe Scales are ſufficient to make any 2565 152273 
ſort of Dials, in any Latitude (as & here 2007 30,2648 
ſhewn) with great caſe. 3565 45/2571 

There are two Lines, called by the | 4070 00,2748 
Names of Style and Subſtyle 3 but they are | 4571 15/2946}. 
only for one Latitude, but may be fotnd os WY 1 8 > 4a 
for any. But the Scales before-explained | 53,73 4513431 
are moſt uſeful, and do the ſame thing, as 5 5 [6017 5_ _0013732 
you will find in the Art of Dialling. And | 5 


theſe are the Scales on one Side of the 
Ruler, 


ry 5 Minutes of an Hour, for inlarging 
the Hour-Lines, 


| 


A Table of Tangents for 5 Hours toeve- | 


; 


"A Table for the Dividing Book II. 


——_— 
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The Scales or Lines on the back fide of the Mathematical Ruler, are theſe : A Line of Numbers, 
a Line of Artificial Tangents, a Line of Sines, a Meridian Line according to Mr, Wright's X 
Projettion , and the Scale of equal Parts, by which the Number, were taken off for the Gra- 
duating theſe Scaltz 5, and a Line of Longitude, with a Scale of Reduttton. 

1. TO divide the Line of Numbers, you muſt prepare a Ruler of what length you 

pleaſe, and alſo a Ecale of equal parts, divided into 100 or 1000. Bur if you 
divide the Artificial Tangents and Sines with the Line of Numbers, it is beſt to divide 
the Line into 2000 parts. This Table is taken out of the Logarithms, by rejecting the 

Index or firſt Figure, and as many of the laſt Figures as you lee convenient, according 

to the length of your Line. Then ſuppoſe you were to make the firti 2 or 29, take with 

your Compaſs 3o1 equal Parts, and lay it from 1 to 2, and the ſame diſtance will reach 
from 10 inthe middle to 20. In the like manner do with the reſt ; for 3 or 30 equal 


Parts is 477, and for 4 or 40, the Log. Parts is 602 ; as you may ealily perceive, by 
what 1s written, 


mm__— 


A Table for the Diviſion of 'the Line of 
Artificial Numbers. 


% | 
Y 08 
uy o 


uw 


00,21] 322/41] 612 
30 22] 342/42] 623 
48/23] 362/43] 633163\ 795 
60,24, 380/44] 543154 506 
7025] 398/45] 653165] 813] 8 
78:26| 415 46| 663 66) 819 
84 27] 43147| 67267) 826 
90.28, 447;48 
95,29| 46249 
Many ns Bs LF 41.5 Sos 5 
41:31 70771] 351 
79,32] 505i52| 71672) 857 
114/33] 518153) 72473]. $63 
146 34 532154| 732174 86g 
176/35 740175] $75} 
204'36 748:76| 880 
230/37 75677 886, 
255'38 8| 76379] $92 
| 27939 77179) 898 
301140 778 8c| 903 


Il. To divide the Line of Artificial Tangents on the Ruler; 


"THe Artificial Tangents are made in the ſame manner as other Lines before-direfted; 
i © beginning at 1 on the Line of Numbers.” So 106, taken off the former Scale, 
and applied upward, will make 4o Minutes on your Scale; for 1 and 89 Degrees the 
Part anſwering thereunto is 242, with them do in tike manner, and ſo of the reſt, un- 
til you have finiſhed the whole Line or Scale» as you may fee in the Figure, 


Chap. IV. of the Artificial | Stnes and T angents. at 


Nt, A Table for the Diviſion of the Line of Artificial Tangents into Degrees and Minutes, 


Deg. |Deg_|Deg..|Deg-\Pex- Deg. \Deg- |Deg. |Dex- [Deg. JDeg. Deg. | | 

Tang. | Tang. | Tang. Tang. \ Tang.jTanrg. Tang. | Tang. | Tang. Tang. 'Tans, T ing. 
0 REEHEEEILEED Tag. Tie, TAE.| 
D| o = 2 SS 1 ©. 13S 3.3:4-1S -34-3F 


O; OO| 243| 543] 719| 545] 94211022 apr re aograys 83s 

| z308| 578] 743] 562] 956|1034/logg|t 157]1208|12541295j50 
20] 76, 367] 610] 765, 879] 970/1045|1110|1166|1216|126r 1305)40 
30) 94 418] 6409] 755| 896 983|1057]1119]117411224/1268 130830 
40| 106. 464] 668| $07| 912 997,10681129|1183]1231]1275 131520 
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IV. To divide the Scale or Line of Artificial Sines into degrees and minutes. 


[5 to make this Line, was ſhewn by making the laſt. And if your Line of equal 
parts be divided into 100, or as they be reckoned 1000, you may omit the lalt Fi- 
gure of the Number : But if you number the Scale to 2000, as the Tables are made, 
then if you would ſet off the Sine of 30 deg. the Parts anſwering thereuntoare 1699 ; 
therefore take off your Scale of equal parts with your Compaſſes 1 699, and it will reach 
from the beginning to 3o deg. on the Line of Sines. | 

So I hope you underſtand how todo the reſt, it being made ſo plain and caſy for the 
meaneſt Capacity. 
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A Deſcription of the Book 11. 


A Toble for the Diviſion of the Artificial Sines on the Ruler. 

Deg Deg. |Deg. | Deg. | Veg. Deg. Deg. Deg. \Deg. 

"Sine. | Sine, = Sine, | Sine, 
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V. Th make a Meridian Line according t0 the wwe Sea-Chart, or Wrights Proje@ivn. 


RY Line is made out of the Table of Meridian Parts, in Book 4. Chap. 7. which 

is to every 10 minutes of Latitude, nearer we have no Charts or Plots made, which 
I have as yet ſeen ;, but they may be made by Mg, Wright's Tables to every Minute, if any 
Perſon will be ſo curious. 

For the Graduating this Lice in the Scale, you muſt note the Number anſwering to the 
firſt Degree is 200; therefore divide the Degrees of the Equinodtial into 20 equal parts, 
which ſtand for 200 the Number of your Table. For Example. 

Suppoſe you would make the firſt to Deg. from the Aquator, towards either of the 
Poles on the Scale ; the Number anſwering 10 Deg, is 20,1, (omitting the aſt Figure 
oO) you may take out of the Line of Longitude (which are the equal Parts of 
the ſame Line by which you madeallthbe reſt) 20,1 Parts, and lay that diſtance from 
= —_ for 10 Deg.:and for 20 Deg. 40,3; and for 30 Deg. 62,9; and ſo of 

c reſt. Bus 
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Chap. V. T raverſe-Scake. Flat Tl 


Bur if you are to make a particular Line, you muſt rake the difference of rhe deg, and min. as 
ſhall be ſhewn in the Treatiſe of making a general and particular Sea-Charr, according to Mr. 
Wright's Projection. There is demonſtrared and ſhewn rhe making -of Meyraror's Scale, to inca- 
ſure” the diſtance in any Parallel of Larirude in the crue Sea-Charr, 


VI. How to divide the Scale of Reduftion. 


» 
Tiiis Scale is part of a Line of Numbers, twice as large as the Line of Numbers 
themarical Scale, begihning ar 10 and proceeding ro 40 ; and may be made by. 
: 
SE 


Table for rhe Diviſion of the Line of Numbers. | 
Provide a Scale in which the Equal Parts are twice as large, as thoſe | 
by which you divided rhe de Link of Numbers, and then the Num- | 
bers in the Table ; beginning ar 10 and ending ar 4o, ſhall give the di- | 
ſtances ro divide the Scale of Reduction. As for inſtance, againft 11 
ftands 41, therefore 4 1,ſuch Parrs whereof your Scale contains 1 000, ſhall 
reach from 10 to 11, and 79 from 10 ro 12, 114 from 10 to 13; and fo AY 
of the reſt. The uſe of this Scale ſhall be ſhewn in rhe fifth Book. | 
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CHAP. V. A Table for the Diviſion of the Artificial Rhomb, or Point: | : % rt 


Ha'ves, and Quarters on the Traverſe Scale. . 


| 
Ji: Uſe of rhis Table is exfily underſtood : The firſt Column is the Ge [ : 
Points in one quarter of the Compaſs, and rhe ſecond their Names TRE 
in the whole ; the rhird rhe deg. anſwering tq each quarter of a Poinr in 8] 
the Quadrant; the fohrrh rhe Sines and Equal Parrs anfwering thercunro; ] 
the fifth the Points for the Tangents ; rhe fixrh the Tangenrs anſwering | 
ro each Quarrer Point. |] 


[8 


The Deſcription of the Traverſe-Scale; 


This Seale is made by the forego- 
ing Table ; only the Line of Sines is 
there bur once,and here rhe parts an- 
iwering each Quarter, are rwice par 
down, or in two Lines marked with 
N. S. which ftand for northing and 


{ourhin = LF, Gain Eafting 
nd Welting, The is the Sine, 
ſnag bay) ere Sphere 

r any Point or Quarter mak- 


ech with ; 
'" Examp. Suppoſe you were to {cr 
the firſt ct ſever or Arrifi- 
cial Point on rhe Sincs, which is r 1 
dep. 15 min; the equal parts anſwer- 
Ing rhereunto, is 1290 3 ote rake 
429 off your Scale of equal pirts, and 
lay it from the beginning upwards, and 
you have by thar diftance the firſt and 
ſeventh Rhomb of your Scale. In like - 
manner do for any orher of the Points 
and Quarters by theſe Numbers, unril 
you have finiſhed rhe Scale ; and when 
you have done, you have an Inſtru- 
ment the moſt eaſic, ready, and ne- 
ceſlary that I know of, for rhe work- 
ing of a Traverſe ; which ſhall be 
ſhewn in $ailing by the Plain Charr, 
M the Fotrrh Book. On the back 
kde of this Scale you may ſer a Line 
of Chords, Equal Parts, and Points, 
for the realy protraction *f Angles. 
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The. Traverſe Scale . 
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44 The Uſe of the Quadrant. 


CHAD YL 


How to make a Quadrant which will reſ.'"e many Queſtions in Aſtronomy, by the help of an 
Index ; and alſo very uſeſul in Navigation. q 


Fter you have made choice of the Radius of your Quadrant C D, draw the Mar- 
A gin, to hold the deg. of the Quadrant and the Figures, Points, and Quarters; 
then dividethe Semidiamiter or fide of the Quadrant C D and C M into 60 equal parts, 
nd draw Lines to each of the Diviſions, parallel to the Sides CD and C M, as you ſee 
1a the Figure : and at every 5 make a Point, for the ready numbering of the Diviſions. 
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Make an Index anſwerable to the Radius CD, with a Line of Sines on the one ſide 
and a Center to put over the Center-Pin of the Quadrant C, as occaſion ſhall require ; 
and on the other Edge make a Line of equal parts, equal to the 6o Diviſions of the fide 
CD, with a Center in like manner to remove at pleaſure. Alſo make on the Edge of the 


Quadrant a Tangent-Line. | 
The Uſe of the Quadrant in Aﬀronomy. 


SECT. 1. Having the Latitude of the Place and the Sun's Declination, to find the Time 
of the Sun-rifing and ſetting. 


Examp. The Latitude of 51 deg. 30 min. Northward, and the Declination 20 deg- 
Nonthedty, the difference of Aſcenſion will be found thus : a 


Chap. VI. p 


Firſt, Lay the Center at E of the Index, over the Braſs Pin in the Center of the Qu2- 
drant at C, and lay the Edge of the Index E L to the Latitude of the Place on the 
Arch D M3 and from the Tangent-Line on the Edge of the Quadrant rake 209eg, the 
Sun's Declination z ard lay that diſtance fron: the Center at C towards D, at that di- 
\Þ@nce run with your Eye along the Parallel Lines, and mark where ir interſefts the Edge 
of the Index, and likewiſe obſerve where the Index cuts thoſe Lines that are parallel to 
CD; there follow that Parallel-Line to the Arch, and the deg, from D to that Parallel- 
Line will be 27 deg. 5, the difference of Aſcenſion, The deg. reſolved into hours 
and min. is 1 hour 49 min. which ſubtracted from 6, is 4 of the Clock and 11 min, for the 
Sun-riſing in the Morning, and added to 6, gives 7 of the Clock 49 mini his ſetting it! 
the Evening. 


The fe of the Onadram. _ « | 45 
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SECT. 2+ Having the dift ance of the Sun from the next eAquineGial Point, To find his Declin. 


Examp. The Sun being either in 29 deg of Taurms, or 1 deg. of Aquariws, or 1 deg. 
of Leo, or 29 deg. of Scorpio, that is 59 deg, from the next Aquinottial Poinc, To find 
his Declination, do thus; put the Center of the Line of Sines on the Pin, and lay the 
Edge of the Index to 23 deg. +, th2 Sun?s greateſt Declination,reckoned from M towards 
D; then.count the Sun's diſtance 59 deg. on the Line of Sines on the Index, and putting 
one foot of your Compalles to thar deg. with the other take the- neareſt diſtance to the 
ſide C M, and apply that diſtance in the Line of Sines on the Index, from the Center, 
and the other foot will reach to 20 dep. the Declination required. 


SECT. 3. Having the Latitude of the Place, and the Declination of the Sun, To find the 
Sun's trus Amplitude from the Eaſt and Weſt. 


Ex.amp. Suppoſe the Latitude be 13 deg. Northerly, and the Sun's Declination 20 deg 
North, the Sun's Amplitude is required. | : 

Put the Center of the Side of the Index on which is the Line of Sines en the Center 
of the Quadrant, and lay the Edge to tz deg. which is the Latitude, then count from 
M 20 deg. of Declination, and carry your Eye-along the Parallel-Lines from that deg. 
of . the Arch, and mark what deg. it cuts of the Index on .the Line of Sines as in this 

| Queſtion ir doth 20 deg 4 Northerly, and that is the Amplitude required. _ | 

Secbndly, Suppoſe you were about the Capes of Yirginia, in Latitude 37 deg. *, and 
Declination 10 deg, Southerly, if you work as before direfted, you will find the Am- 
plitnde tobe 12 deg. 4 Sontherly, 

Note. The Amplitude is the diſtance of the Riſing: or Setting of the Sun or Stars 

. from the true Eaſt and Weſt Pojars of the Horizon. As for the foregoing Example ; in 
the Latitude of 1 3 deg. the Sun or any Star having North Declination 20 deg, they will 
riſe 20 deg. + to the-Northward of the Eaſt, and ſet 20 deg. - to the Northward of the 
Weſt. But if the Declination had been 20 deg. South, then they would have riſen 20 
deg. to the Southward of the Eaſt, and fer 20 deg. 4 to the Southward of the Welt. 
And ſo if you bring theſe deg; into Points and Quarters, and uſe the Variation-Com- 
paſs upon the Inſtrument for the Tides, in the Firſt Book, you may readily reCtifie rhe 
Compaſs you Steer by, , 


SECT: 4. The Uſe of the Quadrant and V ariation-Compaſs, on the Inſtrument for the 

ſhifting of Tiaes, ; | 

The Variation-Compaſs contains two Parts or Rundles; being the two vppermolt in 
the aforeſaid Inſtrument; moving one upon the other, as there you ſee. The biggeſt 
of the two uppermoſt Rundles may repreſent the Compaſs you Steer the Ship by, which 
is ſubject to Variation ; and the vpper Compaſs repreſents the true.Compal; that never. 
varieth, whereby you have a neceſſary Inſtrument to reftihe the Compaſs by the help of 
this Quadrant. Admirtl am in the Latitude of 27 deg. Nottherly, and Decliriation 20 
dep. North, and I'obſerve the Sun's Riſing to be Eaſt and by North, by the Compaſs z 
the Variation in that Latitude is required. The Sun having North-Declination, and in 
the Latitude of 27 deg. North, the Sun will riſe from the Ealt Northerly 22 deg, 1, whicti 
is E. N. E. But by the Compaſs, the Sun did riſe at E. b. N. Therefore it plainly appears 
that there is a Point Variation. Therefore onthe Inſtrument aforeſaid; you muſt al- 
ways bring the trut Point of Riſitg and Setting oh the upper Rundle, to the Poiht, of 
Riſing and Setting by the Compaſs, on the middle aaaor” 3 and being (& in tbis NE 

| | — 
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""" Uſe of the Quadrant. Book II, 


you will find the E, b. N. of the Compaſs to be the true E. N. E. and the W. b. N. to be 
the true W. and the N. b. E. to be the true N. and the $. b. W,to be the true S. and 5, E.* 
Poigt Southerly, to be rrue S..E. b. E. -: Southerly 3 and the South 4 Eaſt, tobe the true 
Ss, B, E-\ E. And ſoyou may do in all other Obſervations. 


SECT. 5. Several Problems of Navigation wrought by the Quadrant. U 


PROB. 1. To find the Number of Miles or Minutes of the Equinoltial anſwering to one 
Degree of Longitude, in any Degree of Latitude. | 
In Sailing by the Compaſs, the Courſe ſometimes is upon a great Circle, ſometime up- 
on a parallel to the Aquator, but moſt commonly upon a Spiral Line, winding towards 
one of the Poles, bur never paſling through them. 
CE ee: If the Courſe hold upon a great Circle, it is either North or 
== Min. Miles. | Sonth under ſome Meridian z or Eaſt or Weſt under the Xquator. 


But if the Courſe be Eaſt or Weſt, in any of the Parallels to the 
 Zquator, then 


As Radins is to 60 Miles, or 20 Leagues, the meaſure of one 
deg. of the ZXquator - | 


So is the Sine-Complement of the Latitude, to the Miles or 
Leagues in one deg, of Longitude in that of Latitude. ' 


' But if you would know by the foregoing Quadrant the miles 
anſwering to a deg. of Longitude in cach Parallel of Latitude, it 
is thus : 

Set the Ear E on the Center-Pin, and reckon the deg. of Lati- 

. tude from D : to which ſer the Edge of the Index, and note the 
Parallel-Line that meets with the deg. of Latitudez carry your 
Eye on that Parallel til] it meet with the Side CD, and there it 
_—_ you the Number of miles anſwering to a deg. in that Latis 
tude. 

Examp. 1n the Latitude of 18 deg. -12 min. ſet the Index to 18 
deg. + from D, and the Parallel Line meeting that deg. follow 
with your Eye (or a Pin) to the Edge, and you will find it to be 
57 miles; ſoin the Latitudeof 31 deg. 43 min. you will find 51 

| miles; as.in the Table annexed. 


To find how many Leagues do alter one deg. of Latitude, on ev | Point and 
Quarter Pointef the Compaſs y | : by 


Num- | As the Sine-Complement of the Rhomb from the Me 
ridian, isto 20 Leagues : 


So is the Radius to the Leagues anſwering to ont deg: 
upon the Rhomb, 


By which Proportion was made this Table annexed, 


| Suppoſe by the Quadrant it were required to anſwer this 
Queſtion : | 
Sailing N. N. E. from 40 deg. of North Latitude, Hew 
mop Goqtn ſhall the Ship run before ſbe can come to 41 dep: 
becanſe this is the ſecond Rhomb from the Meridian, 
Therefore ſet the Side of the Index EL tothe ſecond 
Point from the Meridian, and reckon from C 26 Leagues 
towards D, and with your Eye (ora Pin) follow the Pa- 
ralleELine to the Index,and you will find it cut 212 Leagues, 


the Number of Leagnes you mult Sail before you can raiſe 
1 deg. of Latitude. 


PROB. 3. By the Rbomb, and" Di Fg 
rence of fp + 6, Ds, fe fad thr fo 
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The diſtance upon the Rhomb 21' Leagnes : the Rhomb 


Chap. VII. The Uſe of the Protraflor. 47 
N. N. E. therefore ſet the Index tothe ſecond Point, and count 21 Leages-; thereomand — 
run your Eye up the Paralle-Line you there meet with; and reckon the Leagues from the 
Center C to that Line, and you will find it 20 Leagnes,. which is the difference of -Lati- 
rude required. | " feup 2] 
® PROB. 4. By the Rhomb, and both Latitade1, "To find the diſtance in the Rhomb. 
' Suppoſe the one Place given were in the Latitude 46 dep. the ſecond Place in the La- 
titude 41 deg; and the Courſe 2 Points from the Meridian. Set.the Index ra the Rhomb; 
and account 20 Leagues, which is the difference of Latitude, from C towards D, and 


carry your Eyeon that Parallel to the Index ; and there it will cur the diſtance upon the 
Rhomb, which in this Queſtion Is 214 Leagnes. ne 


PROB. 5. Bytrbe diſtance and both Lititudet, To find the Rhemb, 


Suppoſe one Place to be in the Latitude cf 4o deg. and the ſecond 20 Leagues further 
Northward, and the diſtance was 21+ Leagues ; to find the Courſe. - From the Center 
C reckon 20 Leagues towards D, follow that Parallel, and ſet the diſtance on the Index 


tothat Parallel, and Jook- in the Arch of the Quadrant, and you will find the Rhomb 
two Points from the North. Bos 


PROB. 6. By the difference of Meridians, and Latitude of both Places, To find the Rhomb: 
Suppoſe one place to be in the Latitude of 40 deg, and the 'other in, 4x deg. and the 
departure 8 Leagues 3+ Firſt, Count from C towards D the difference of Latitude 20 
Leagues, on that Parallel count $ Leagues ;, to that Point put the Index; and in the 
Arch you will find the Courſe to be 2 Points from the Meridian, 
PROB. 7. By the Rhomb and both Latitades, 77 find the dep arture from the Meridian. 


Let the Rhomib be > Points from the Metidian; the one Latitude given 40 deg; theother 
Laticude 41 deg. Set the Index T6 the fecond Poldt' from the Meridian, and count 26 
Leagues the difference of Laticude fron C towards D, upon that-Parallel reckon. the 
departure to the Index, which you will find in this Queſtion 8 Leagues. 


P. VII, . How to make dn Uſeful Protrefier,.. 
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The Uſe of the Nothurnal 


His laſtrument is belt to be made in Braſs. On the Center Cdraw the Semicircle 
By BO, and divide it into twice 90, or 189 Degrees, as you ſee in the Figure ; ant 
ler the ſixteen Points of the Compaſs with the Quarter-Points be ſet in the inward Cir. 
cle P, and let the Index A E be two Diameters and © long, and divided from che Cen- 
ter to the end of the Index into 100 equal Parts, which are accounted ſometimes League 
and ſometimes Perches ; or any other denomination, acccording as you have occaſion to 
uſe ir. Lert the Index be faſtned to. the Center with a Braſs River, and through the 
midſt vf the Rivet there muſt be a hole drill'd;z through which you muſt put a Pin or 
Needle, and divide the Edges into equal Parts. | | 
-- And now you have a neceſſary Inſtrument, 'which will protraft any Traverſe or 
Pravght of Land upon Paper, with as much ſpeed as any Inſtrument 1 eyer yet knew 
the uſe whereof ſhall be ſhewn in this Treatiſe. . 


CHAP. VII. The Projetiton of the NoGurnal. 


T conſiſts, as you ſee 
Circles divided :-On? 


—_ 


> # 
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f,t 
the Inde; 
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Hit i F- be under- the: Pole, - then add 
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65) andl odſ{ving the Pole-Star, 
N.N.E. from the Pole ; there- 
T4; fore 
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fore look for N, N.E. in the firſt Column, and right under 40 Degrees of Latitude inthe 
ſame Line with N, N. E. you will find the Declination to be 1 Deg. 3o Min. ſubtra& 
that from 40 Deg. the Altitude obſerved leaves the true Latitude 38 Deg. 30 Min. But 
it the Guard-Star had been S.S.W. then the Pole-Star had been 1 Deg. 33 Min. under the 
Pole; which being added to the Altitude obſcrved 40 Deg, the Latitude would have been 
exactly 41 Deg. 33 Min. So theStar?s Altitude by obſervation being 55 Deg. the Guatd 
bearing S.E.b.S. the Declination againſt that Point is 2 Deg. 30 Min. which added to 55, 
makes 57 Deg. 3o Min, for the Latitude : but if you eſtimate Latitude had been near 50, 
and the Guard bears from the Pole N.W.b.N. the Declination againſt that point is 2 Deg. 


' 30Min. ſubtraCted from 5 5 Degrees, the Altitude obſeryed, there remains 52 Deg. zo min; 
the Latitude of the Place. 


 —{ — — RR 


A Table of the North Star's Altitude in theſe ſeveral Latitudes. 
Tie Points off © | 20 | 30 
tbe Compaſs. D,"MD. M.jO. MD. M. 
| Z North. 2 102 n0ſa 102 2 N 
3 |[N.b. E. = $310 5318 53jr l I 
>D N. No Bo [2 3Z1't Z31jt 30t I w 
$3 ;jN.E.b.N, 1 e6r os|t oaj1 [ I 
© IN. E. o 390 380 37 0 V 
*'> iN.E.b.E. o 100 ogſo offo @) EI 
3 I |E. N.E. O 180 19gſo 2cjo O 
ow E E. b.N oO 490 Folo 5dþp @) 
= & \Ealt. it 15/2 15)8 16h I C 
AQ DS 1 381 39]i 3gll l IJ 
+ 2 2 O©0j2 00/2 Ocſ2 2 _ 
= 'S.E. b Ee i2 15/2 15/2 152 2 _ 
DR SE. 2 252 25]/2 252 2 S 
2-8 1% £.0. $ ' 39/2 302 3c|2 2 : 
= > [$.& ET 2 292 292 292 3 
:<  {$-Þ« Ee |2 22/2 222 22/2 2 | 
Z |South. '2 102 102 to 112 112 112 12 — 
SS 1|$.þ.W. 1 581 53/2 $54lt 5312) 551 5521 55) ©: 1 
ne) 5.5. W. [ Tit: 32/1 32jl 33|t 341 35} 39 3 | 
® 8 |S.-W.b.S; |: o7's ofit o8jt tot tif 13lt is F 
I- | | "<a 
2} |. W. O 399 4009 41Þ 4oſo 430 449 47] & 
ZzD S, W.b. W.je Io 110 1242 130 140 16|0 BS 
Y AD W.S. W. ;o 96 190 I7Þ 16/0 I5o 13 10} l 
E = W. b. S. lo 48|0 4710 46] 450 449 430 #42 | 
2 8 Welt. OP Wh: a os| bs. 
DOS W. b. N. 1 3911 39]t zAr 3774 36« 396-239. 
Ta |W.N.W. i2 colt Sgt $9jit $8j: 58: 57 56] | 
=D N. W. b.W.2 152 15/2 143 24s 1424 192 38 F | 
- S N, W. 2 25/2 25/2 25/2 2913 243 2462 28 RY | 
IJ N, W. b. N.i2 302 30.2 392 3012 302 302 30 Ko 
SJ IN, N. W. 2 2912 292 29.2 2912 292 2912 29 | 
| I IN. bW. {2 22/2 222 222 22/2 22'2 21/2 21 ; 


CHAP. X. To make an Vſeful Inſtrument of the Stars, and by it to know when any of thoſe 
Stars will come to the Meridian, an any time of the Tear. : 


THis Inſtrument conſiſteth of two parts, which are two Ryndles ;.it may be made on 
FT the back-ſide of the foregoing NoCturnal : , On the greater Rundle are three Circles 
divided ; the outetmoſt is the 12 Months of the Year, beginning the 10th of March, the 
day the Sun enters Into Aries; and the Days equally divided according to the Number of 
Days irteach Month. The fecond Circle is equally divided into 34 Hoars, Arid the thi 

and inward Circle repreſents the EquinoCtial, divided fnto 360 Degrees ; by it is account- \ 
td the Right Aſcenſion of theſe 31 Stars in the Table "_ - #4. | 


= 4 
«3 
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f 7 Table of the Longitude, Latitude, Right Aſcenſions, and Declinations, of 31 of the | 
> he Fo#,/h Fixed Stars, calculated and rettified for the Tear 1671. 


Longitude. | Latitude. | Right |Decli- Nor. 
Aſcen, nation. Sout. 
In the Whale's Tajl, the Brighteſt. — 56 X|2o 47 $06 45 48, S 
The Briphe Star in the South Foot of Andromeda,'og 39 G27 46 Njz25 57140 44 
The Bright Star in the Right Side of Perſeus—— 27 17 44 16148. 36 
The Brighteſt of the Seven Stars or Pleiades ——|25 24 52 07 
The South Eye of the Bull, Aldebaran. ——— 05 12 It 48 
The Bright Star in the left Foot of Orion, Rigel, 12 19 IT Ss 37 
Orion's Right Shoulder. —— = [24 12 It 13 
The plittering Star in the Mouth of the great Dog. 14 
The lirele Dog's Thigh, Procyon. 1106 03 
In the South Arm of the Crab. © 
The Bright Star called the Heart of the Hydra.— 
The Lion's Heart, Regulus. 
The lower of the Pointers, ——— 
| The Northern Pointer. 
The Lion's Tail. Y 
\ | The firſt in the Tail of the great Bear ————- 
| The ſecond in the Tail. : 
The laſt in the Tail. 6 cnn 
In the Skirt of Boots his Garment, Arcturus, 
The South Balance of Libra. oo 26 Ni218 
The Brighteſt of the Guards. JI N222 4 
The Scorpian's Heart, Antares. | 
Hercules hu Head. _ 
The Bright Star of Lyra.—— 27 38 
The Swan's Bill. 23 27 
The Eagle's Heart. | 41 of 
The Dolphin's Tail. | 
= j- be Star A Pegaſus Neck, —/i 1 39 
| The firſt Star in the Wing of Pegaſus, Marchab.'1$8 56 
| Andromeda's Head.- 4.4 - an 4; 
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On the other Rundle or upper part, is placed the aforeſaid Starsz and any ther you 
may ſex thereon, if you follow this Rule. For Example, Firſt ſet the Index to the 10th 
day.of March, and ſtop it faſt there, thatit may not move, until you have placed the Stars 
on it which you intend. As ſuppoſe you would ſet the Whale?*s Tail on the Randle : look 
ry gr, ab ee -_ 00 _ pom his Right Aſcenſion 6 deg. 45 min. account 

| T n la IrCiC, A ay ann en y Aco 
mip. and draw the Line from the Center = _ TT 


the outward Edge of the Rundle, and 
thereon ſet the Name of the Star, of 6, oft eoopbes ghee pong tors 


k | next to that the Deflination of the Star, and the Letter 
S or N, repreſenting South or North Declination. 


Take this Exampl : ol 
you would ſet on the Liow's Heart : In the Tables I fi EIN: | WEIS 


| nd his Right Aſcenſion is 147 deg. 43 
min. reckon that Number on the EquinoCtal Ciccle, and draw the Line as before: directed. 


To know the Hour of the Night when any Star comes to the Meridian, 

Set the Index of the upper Rundle to the Day of the Monch, and rizhc againſt the Star 

is the Hour of the Night, when the Star will be on the Meridian. For Dediapte, Suppoſe 
you would know the Hour of the Night the Bud's Eye comes to the Meridian the 20th day 
of Oftober : Set the Index to the Day, and right againſt the Bul”s Eye is 3- of an Hour 
paſt x, thetime in the Morning that Star will be on the Meridian South. And in the ſame 

manner you may ſee the other Stars, at what Hours they come to the Meridian that Day 
and Night. For notethe upper 12, is 12 at Noon, and the lower 12 is 12 at Night. 

To know the Hour of the Night, by the Stars being on the Meridian, 


Suppoſe it were required to know the Hour of the Night > 
brighteſt of the 7 —_— bein of lght the r0tb of December, the 


on the Meridian in the South : Set the Index to tie Day of 
the Month, and right againſt the brighteſt of the 9 Stars, is hal jobt, 
which is the Hour required. = ooaadbatrokunuouct odd 


ah 
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CHAP. Xl. Of the Creſterr. 


Hen the Mariners paſs the EquinoQiial Line towards the South, ſo that they can- 
not ſee the North Star, they make uſe of another Star, which is in the Conſtel- 
= called the Centaur ; which Star, with three other noble Stars in the ſame Conſtel- 
tion, Make the Figure of a Croſs, for which cauſe they call them the Crofiers, And 
it is held for certain, that when the Star A (which of all four is neareſt the South Pole) 
is perpendicular to the Star B, then it is rightly ſituated for Obſervation. And becauſe 
this Star A, which is called the Cocks-foor, is 28 deg. from the South Pole, it cometh to 
paſs, it being ſituated as before-ſaid, if we take the Meridian Altitude thereof, this will 
ſhew how far we are diſtant from the EquinoQial. For if the ſaid beight be 28: deg. 
then are we under the EquinoQtial : Butif it be more than 28+ deg, then are we ſo muc 
paſt the EquinoCtial toward the South : And if it be leſs than 28: deg. ſo much as it 
wantetb, are we to the North of the EquinoQtial. 


CHAP. XII, How to make the Croſs-Staff. | Je 
He Mariners Croſs-Staff is that which by Aſtronomers is B 
called Radius Aſtronomicus, by which we obſerve the Altitude 
of the Celeſtial Lights above the Horizon. Mathematicians have 3 3+ 


invented many kinds of Inſtruments, whereof the Croſs-Staff 

and Quadrant are the moſt uſeful at Sea. It is not every man's 

work to make a Croſs-Staff or other Inſtruments, for want of 

Prattice necdful thereunto z yet notwithſtanding it is fit and ne- 

cellary that a Maiter, his Mates, and Pilot, who have the uſe AY 
thereof, ſhould at leaſt know when it is well made. For to di- 
vide a Croſs-Staff, you may preparea flat Board of good dry Wood, fifteen or ſixteeri 
Inches broad, and about four Foot long : Paſte it well with good Paper 3 draw along 
one ſide a Right Line, as inthe next following Figure CAD; from the Point C draw 


a perpendicular Line upon A C, as CB, and upon the Center Cdraw the Arch A E B, 
being a Quadrant or fourth part of a 


Circle z divide tbat into two parts ; G_I1 — L_D 
the one half alſo, as A E, divide into 40 : _ 
go equal parts firſt ihto three patts, 
and each of the ſame apain into three z 
theſe parts into two, and each of the 
laſt into five ; So the Arch A E ſhall | 59 
then be divided into go parts. Then 
take a ſtraight Ruler, lay the one end 
on the Point or Center C, the other 
upon each Point of the aforeſaid ſe- 
veral Diviſions, and draw ſmall Lines 
out of C, through each of the aforeſaid 
Points or deg. of the Quadrant, as long 

3 the Board will permit, as you may 
ſes in the Figure. Then take &« pair 
of Compaſſes, the half length of the 
Croſs that you would make for the 
Staff; prick it from the Point C to- 
wards B 3 as for Example, from C to 
F, and from DtoG; joyn theſe two 
Points with a Line, as G F; and even 
into ſych parts as that Line is cut, by 
the aforefaid Lines coming out of the 
Center C, fo muſt your Staff be divid- oY 
ed, whether the Croſs be longer or B - ._g 
ſhorter, as appeareth by the Lines H 1 F H © = 
and K L, which are drawn for Croſſes, po : 
the half length thereof is C H, or C K; 
If the aforeſaid Quadrant be not well '_ERRRTTTTH————— 
Uivided, or the Lines not well drawn; 
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the Staves-being divided there-from will alſo be faulty. Therefore they may be divided 
more exaCtly in manner as followeth. _ : | 
Prepare you a Staff, draw thereon a Right Line as long as your Staff, and take with 
i ſharp pair of Compalles the half length of your Croſs for which you deſire to divid 
your Staff 3 prick it as often along the aforeſaid Line as you can. Divide each of ak 
Icngths of the half Croſs into 1000 equal patts. Then prick upon the Staff you would 
divide » from the Center-end, juſt half the length of the Croſs; and make 
there a ſmall thwart ſtroke. Oft from'thenee prick for each deg. ſo many of the 
{ame parts as the Croſs is divided in his half length, according to the Table here annex- 
ed for every deg. For 89 deg. you ſhall mark oft from 9o the aforeſaid thwart Stroke 
17:* for £6 dez; 725+ for the 8o deg. 16-4 of thoſe parts, and ſo of the reſt. If you 
cannot divide the half Croſs, by reaſon he is ſo little, into 10co, divide him into 100, 
and leave out the two laſt Figures, and thar ſhall ſatishe your defire: For 60 deg. take 
73, and for 52 deg. 114, and for So deg. 19. parts, and 1G of the relt. 


CHAP. Xill. How to uſe the Creſs-Stoff. 


\Et the end of Croſs-Staff ro the outſide of the 
| Eye, ſo that the end of the Staff come to ſtand 
Parts, \D. Darts. D. Parts. | right with the middle of the Sights. Then move 
| x76 29] 28667] the Croſs from you or towards you, holding it up- 
35 28] 30108] right, and winking with your other Eye, till that 
538 27] 31653] the upper end cut the Center of the Sun or Star, 
724) 156] 8 26] 33315] and the lower end cut tbe Horizon, the Croſs then 
913] [55] 25] 35107] ſhall ſhew upon the ſide of the Staff belonging there- 
1106) {54 24] 37046| unto, the deg. of the Altitude of the Sun or Star, 
: 1303, 5310057 23] 39152] Note, The Staff is marked with two rows of Num- 
L504] [5210503] [22] 41445 bers, with go deg. next the Eye, and diminiſhing 
[708 51110965 21] 43955 from 90 [0 80, 70, 60, Oc, towards the outmolt 
1918, 5011445] [20] 46713] end: Alſo from the Eye end they increaſe contrari- 
2131 4911943] |19| 49758] wiſe towards the ontmoſt end, as from 10 to 20, 
2349] [4812460] |18] 53137] 30, &c. The firſt Number ſheweth you the Altitude; 
2572] [4712998] [17] 56912] rhe ſecond Number the Sun's diſtance from the 
2799] [4613558] [16] 61154] Zenith. KF 
3032 45/141 42\ \l5] 65958 The Sun or Stars being bigh above the Horizon, 
74'3270| [44114751] [14 61445) the Croſs is moved nearer rþ2 Eve tt:aii when they 
. 17313514! [43 15386 i 77769] are but low and near the H11791;, and the Eye 
7213764\ [42]16051| |12 85144] maketh a greater motion 1r: {00kivg vp and down 
71/4019] [41116746] [11 93354| to theends of the Crof:, than when the Sun or Star 
7014281] [4017475] [10] 104301] is low, and therefore ſubject to a greater Error. The 
6914550] 139118239] |og| 117062] beſt means of -all in my opinion is this; To try with 
6814826] '38{19042] [08] 134007] two Croſles ſet upon the like deg, how the Staff 
6715108] 137j19887| [07 153499 muſt be ſer, that they may: ſee the ends of the two 


A Table for the Diviſion of hy 


6615399\ [3620777] [6 dread Croſles in a Right Line one with the other. 


6515697] [3521716 [05] 2 19038 Having found that.and then taking off one of the 
646003 [3422708] log} 276332] ' Croſles,and ſetting the Statt again, in the ſame man- 
6316318 3323759 03] 371885] ner as before, all Errors wii! be prevented, which 
626643| |32|24874 02) 561810 by the lifting up or down of the Eye might any 
6116970] [3126059, [01 135806 way happen. Examp. I deſire to obſerve the Sun 
60/7320] 130/27321 00! Infinzte, | or any Star 1n the South: I make my Eſtimation, 
LO as near as I can, how high it ſhall be, or take 
the height of them a little before they ſhall come to the South, which I take'to be 50 d- 
1 ſet therefore the two Croſſes each upon 50 deg. and the end of the Staff in the hollow 
of the Eye-bone, on the outſide of the Eye, and move the end of the Staff higher or 
lower till I ſee the end of both the Croſſes right one with the other, according as is 
ſhewn by theſe Lines A B and CDin the Foregoing Figurez and keeping in memory 
that ſtanding of the Staff, I take off the one Croſs, and ſer the Staff again in the afore- 


{aid manner to the-Eye, and obſerve the Altitude therewith, fo avoiding the Error 
thentioned. 


In 


to i Ms ae 


"ud 
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In taking the height of the Sun with the Croſs-Staff, they uſe red or blue Glaſſes for 
the ſaving and preſerving the Eyes ;, yet it is notwithſtanding very troubleſome for the 
Sight, eſpecially if it be bright: Therefore the Quadrant is much better, as will be 
ſhewed in the next Chapter. | 

Thus 1 have ſhewed you how to take an Obſervation by the Fore-Staff. The next 
thing that followeth in courſe, will be to ſhew you how to work your Obſeryarion ; for 
which take theſe following Rules. | | 

Obſervation, If the Sun hath North Declination,and be on the Meridian to the South- 
ward of you, then you muſt ſubtratt the Sun's Declination from your Meridian Altitude, 
and that Remainder is the height of the EquinoCtial, or the Complement of the Latitude 
Netth. But if you be in South Latitude, add the Sun's Declination to the Meridian 
Altitade, and from the Sum abate go deg, the remainder is the Latitude. But if the Sun 
hath South Declination, you muſt add the Sun's Declination to your Meridian Alcitude, 
and the Sum is the height of the Zquator, or the Complement of the Latitude North. 
If the Sun hath North Declination, and be on the Meridian to the Northward, then 
add the Sun's Declination to his Meridian Altitude, and the Sum is the height of the 
Equator, or the Complement of the Latitude South, if the ſaid Sum doth not exceed 
90 deg.-but if it doth exceed 9o deg. you muſt ſubtraCt go deg. from the ſaid Sum, and 
the remainder is your Latitude North. If the Sun hath South Declination, and be t> 
the Northward at Noon, you mult then Subtraft the Sun's Declination from his Merl- 
dian Altitude, and the remainder is the Complement of your Latitude South. When: 
the Sun hath no Declination, then the Meridian Altitude is the Complement of the La» 
titude. If the Sun be in the Zenith, and if at the ſame time the Sun hath no Declina- 
ton, then you are under the EquinoCtial. Burt if the Suri hath North Declination, and 
lathe Zenith, then look how many deg. and min. the Declination is, and that Is the La- 
titnde North. Burt if your Declination be South, then are you in South Laticdfde. If 

ou obſerve the Sun or Star upon the Meridian beneath the Pole; then add your Meri- 
lan Altitude to the Complement of the Sunfor Stars Declination, and the Sum is the 
height of the Pole. R Exainiplts 
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Example in the North Latitnae. 
1 obſerve at Sea the Sun's Meridian Altitude to be 39 deg. 32 min, and the ſame tims 
the Sun's Declination is 15 deg, 20 min, N. 1 demand the Latitede I am in. 
| deg.min. © 
The Meridian Altiude——— —_  ——— —— 
The Declination Notth, ſubtr. _ — 
The Complement of the Latitude— _ —— 24 12 
go 00 


The Latitude I am in > ———-65 43 North. 
Suppoſe | were in a Ship at Sea the 18th of April, and by Obſervation 1 find the Sun's 
Meridian Altitude to be 62 deg. 15 min. The Latitude is required. 


The Meridian Latitude — — — 62 15 
The Declination North, ſubtr,— = —14 18 


The Complement of the Latitude —— —— —— ——47 57 
99 00 


The Latitude 1 am iu _ —— _ 42 03 
Admit you were in a Ship at Sei the 5th of November 1696. and I find the Sun's Me- 
ridian Altitude to be 24 deg. 56. min. The Latitude is required, 


The Meridian Altitude me —_ ——-24 56 
The Declination South, add — ———_ 37 


——_— 


The Complement of the Latitude ———— —— 43 33 
90 0O 


TheLatittude I am iIn—-—— — —— —  —— 7 


Suppoſe a Ship at Sea the 27th of 2ay, 1696. and I find the Sun's Meridian AlNtude 
by Obſervation 56 deg, 45 min. The Latitude is required. 
The Meridian Altitude — — — — 56 I 
The Declination North, ſubtr. — m— ——— 4 


The Complement of the Latitude — ——— 59 


90 00 
The Latitude required I am in = — 0l 
| Admit a Ship at Sea the 11th of Fune 1698. and find the Sun's Meridian Altitude by 
Obſervation 79 deg. 30 min. North. It is required to find the Latitude 1 am in. 
The Meridian Altitude- 
The Delination North, add 


—__ 
CITING 5 
I03 Ol 
99 Co 
The Latititude I am In———— 13 01 , 
Suppoſe 1 were at Sea the 14th of day, 1696. and the Meridian Altitude of the Sun 
was 69 deg, 3 min. North, I demand the Latitude the Shipis in at that time. 
The Meridian Altitude ———. ow PLANES EIEER 69 03 
The Declination Notth————— =——_—_—o mn = —=——— 20 57 add 


90 ©0 
99 O00 


The Ship is UNder mnnn nn mmmnmmmrmnmnn nn nmnmmneg mn ene nn © 00 the Equino. | 
Example 
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E xamples in South Latitude. | 


Admit I were at Sea the 2d of June, 1695, and I find the Sun's Meridian Altitade by 
Qblcrvaticn to be 64 deg. 45 min. What Latitude is the Ship in? 


_ : , deg.min, 
The MHridan Altitude Novth ——— mooommnmpmopmnce ene 64 43 
The Declination North, add- — ——————— ——23 15 


"The Complemeat of the Latitude =——=— — —— — $3 09 
90 O09 


The Latitude the Ship is in CS — 


Suppoſe a Ship at Sea the 28th of December, 1695. and in Longitude 169 deg: 
Eaſt, and | ind the Meridian Altitude by Obſervation tobe 59 deg. 52 min, The Lati- 
rude the Ship is In, 15 requircd. The Dclination in the Meridian of London for the 28th 
of December, 13 22 deg. 25 min. and the daily difference of Declination is at this rime 
$ min. Therefore if you look in the Table of Proportion following, you will find the 
Proportional minures to be about 4, which you mult add to the Declination of the Me- 


ridian ot London, and the Sum will be the Declination for the Longitude 169 deg. Eaſt; 
which is 22 deg. 29 min. 


The Abridiost  Ahirads North ono eee ene eee ee ae 


Hh 59 52 

The Declination South, ſubtr. — ———— 
The Complement of the Latitude —— —— ———g7 23 
92 O0 


The Latitude the Ship is In— — ——-— 


—— — 5 37 South. 
Suppoſe I were at Sea in a Ship the 29th of June, 1679. And I find the Sun's Meri. 
&an Alitude to be 62 deg. 23 min. North. The Latitude is required, 


The Meridian Altitude North —————. ———— 62, 23 

The Declination North, add ————_— - —— 22 26 

The Complement of the Latitude— — — ———_—— 4 6 
| 90 ©9 


The Latitude the Ship is in -—a— —— ————O; 11 South. 


Admit a Ship where 3t Sea, the Sun's Declination 13 deg. 53 min. South, and the 
Sun's Meridian Altitude 8o deg. 43 min. South, The Latitude is required. 


The Declination South - wn —_ 13 53 6 
The Meridian Altitude OC — _—— 4 ad. 
94 36 the Sum. 
Subtr._——9go co 
The Latitude the Ship is in —- _— —— 04 36 South. 


If you obſerve the upper part of the Sun, you muſt ſubtra&t 16 min. if you obſerve 
the lower part of the Sun, you muſt add 16 min. for the Sun's Semidiammeter, and the 
Sum will be the true Altitude of the Sun'sCenter. 


Examples of the Stars in North Latitude. 


Suppoſe I am at Sea, and obſerve the Brighteſt of the 7 Stars upon the Aeridzan, and 
ind his Meridian Altitude to be 47 dep. 22 min: -and the Latitude were required, 


The 


F 
z 4 fn 
ey - 4 

*. bt 
wa 
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. deg. min. 
The Declination of this Star is — — n— 0; Noth. 


IR —— 


; The Meridian Altitude — — = -— 47 20 
Subtratt the North Declination —— 


Emma 


The Complement of the Latirude nem 24 17 
90 00 


The Latitude | amin ——— ———— ————65 43 North, 


Admit I were at Sea, and obſerve Fydra's Heart on the Meridian, his Altitude.is 35 
deg. 15 min. ard bis Declination is 7 deg, 15 min. South, The Latitude of the P.acs is 
. demanded. 


The Meridian Altitude is — —— ——— — ——36 15 
The Declination is South —— —— ——=—— 07 15 add. 


The Height of the EquinoCtial above —— — —43 30 the Horizn, 
go O09 


_—_ — 


The Latitude the Shipis in — —— ——— -— —46 30 required. 


This is plain, and needs no further Precept, but what is already concerning the Sun. 
CH A P. XIV. A Deſcription and Uſe of the Sea Quadrant. 


He Quadrant is formed of two Arches; frometod, the leſſer Arch contains 50 

Degrees, and is called the Sixty Arch; the greater from g to F, contains 30 De- 

grees, and is called the Thirty Arch. To the Quadrant alfo belong three Sights or 
Vanes z the Horizon-Vane at A, the Shadow-Vane at B, and the Sight- Vane at C. 

Set the Vane Bto 15 or 20 deg. leſs than the Complement of the Altitude of the Sun 
required; then look through the Vane C, to the upper Edge of the Slit in the Horizot- 
Vane, and cauſe the upper edge of the Shadow of the Shadow- Vane to fall upon the up- 
per Edge of the Slit in the Horizon-Vane, and then if you ſee all Skie and no Water, 
then put your Sight-Vane a little higher towards g ; but if you ſee all Water and no 
Skie, then pull your Eye-Vane lower towards F ; and when you have done ſo, obſerve 
againz and thenif you ſee the Shade lie upon the upper part of the Slit, on the Hori- 
zon- Vane, and you at the ſame time do ſee the Horizon through the Horizon-Vane, then 
that is all you can do until the Sun be riſen higher; and ſo tend the Sun until he be upon 
the Meridian ; and when he is deſcending, or as we commonly ſay, fallen, you will ſee 
nothing but the Skie 3 and your Vanes being faſt inthis poſture, you have done obſerving 
theSun upon the Meridian thatDay : Therefore reckon theDegrees from e to B to the mid- 
dle of the Shadow-Vane to which add the number of Degrees from F to the Eye-Sight, 
and their Sum is the diſtance of the Sun from the Zenith. 


Chap., XIV. The Uſe of the Sea Quadrant. | = 
—_—_— Rules to find the Latitude by obſerving with the Quadrant. 


Firſt, If the Sun hath North Declination, and you be in North Latitude, and the Sun 
upon the Meridian, South of you; then if you add the Sun's Declination t6 his Zenith- 

iſtance, (that is, the Complement of the Sun*s Meridian Altitude) the Sum will be the 
rar youare in. But.it the Sun hath South Declination, and you be in North La- 
titude, you mult ſubtract the Declination from the Complement of the Meridian Alti- 
tude,. and the Remainder will be the Latitude the Ship is in. If you be to the Southward 
of the XquinoCtial, and the Sun's Declination Southerly, and come to the Meridian in 
the North z in ſuch caſe you muſt add the Declination to the Zenith-diſtance, and the 
Sum will be your Latitude. Pur if the Sun be to the Northwards of the Zquinottizl 
(that is, have North-Declination) and come to the Meridian in the North, you muſt 
ſubtra&t the Declination from the Zenith-diſtance, and the Remainder will be the La- 
titude. 

If you be in North Latitude, and the Sun's Declination North 3 and the Sun come to 
the Meridian in the North 3 or if you be in South Latitude, and the Sun having South 
Declination come to the Meridian in the South : In both theſe Caſes ſubtratt the Zenith< 
diſtance from the Declination, the Remainder is the Latitude of the Place. 

If you obſerve the Sun's Meridian Altitude under the Pole, add the Sun's Declingtion 
to the Zenith-diſtance, and ſubtraQt the Sum from 180 deg, the Remainder is the Lati- 
tude of the place. | 

Examples in North Latitude, 


Av being at Sea the 5th of May, 1694. by Obſervation I find the Sun to be diC- 
tant from the Zenith 37 deg, 52 min. being upon the Meridian, what Latitude 


is the Ship in. deg. min. 
The diſtance of theSun from the Zenith — —7 52 
North Declination __ —_— — 
The Latitude required the Ship is in. 56 54 


Suppoſe a Ship at Sea the 29th of Jaly, 1682. and I find the Complement of the Sun's 
Miridian Altitude by Obſervation to be 33 deg. 10 min. The Laticude the Ship is ig 
required. 


The Diſtance of the Sun from the Zenith——————— 33 16 
North Declination, add —— 


The Latitude the Ship is Iy———— n—— 17 


Suppoſe a Ship at Sea the 13th of September 1683. and I find the Complement of the 
Sun's Meridian Altitude, or diſtance from the Zenith, 45 deg- 58 min. I demand what 
Latitude the Ship is in. ; 


The Zenith-diſtance of the Sun——- —_——— 55 
The Declination South, ſuber ac? I — —— 7 
The Latitude the Ship is in —— — —45. 51 


Admit a Ship were at Sea the 4th of December, Arno 1690. and the Complement of 
the Sun's Meridian Altitude that were 49 deg. The Latitude the Ship is in, is required, 


The Sun is diſtant from the Zenith — ——— —— ——49 23 
The Sun's Declination South, ſubrraft m——— 0 | 


The Latitude the Ship is in . 26 03 


Suppoſe 1 were in a Ship at Sea the 23d of May, 1695, and am alſo in Longitude to 
the Eaſt of the Meridian of London 135 deg. and | find the Complement of the Meridi- 
an Altitude by Obſervation to be 1 3 deg, 28 min. The Latitude 1s required, 


5 ma Decit- 


The Ofe of the Quadrant. 


Declination in the Meridian of London -— _ 
The Proportional Minutes, ſubtraft.———— 


The Sun's Declination in the Meridian given 
The Zenith-diſtance of the Sun ſabtr.— 
The Latitude the Ship is iIg-—— 


n_mr 


Examples in South Latitude. 


Admit a Ship at Sea the 7th of July, 1695, and the Sun being upon the Meridian, 1 


find the Complement of his Meridian Altitude by Obſervation to be 42 deg. 50 min 
North. The Latitude is detnatded. 


The Sun's diſtance from the Zenitha——— —— ——z2 


The Latitude the Shipis In—— —— ——— ———— 34 


if Admit I were in a Ship the 5th of November, 1687. and the difference of Longitude 
from Londen 120 deg. Weſt, and the Complement of the Sun's Meridian Altitude by Ob- 
ſeryation is 31 deg. 53 min. North, the Latitude 1s required the Ship is in. 


The Sun's diſtance from the Zenith — — 
The Declinatien South, at London ————_— 
The Propottional Minutes _ 


The Sun's Declination in the Meridian given <——- 
Which add to the Zenith-diſtance ———— — — 


The Latitude the Ship is in - MBs te DIE YES. 


- 


Suppoſe I were in a Ship at Sea to the Southward of the EquinoQtial, the 3d of Jans- 
ay, 1683. and 1 find the Sun upon the South part of the Meridian, and the Comple- 
ment of the Meridian Altitude is 14 deg. 38 min. The Lat. the Ship is in is required, 


The Sun's diſtance from the Zenith=——— 


—14 38 
The Declination South ——— — m—_—_—— 


ere 


ab——— O6 FO 


The Lakes ihe is meer emmrm emanate 


06 50 


CHAP. XV. The Deſcription and Uſe of a Quadrant for the taking Altitudes on Land or 
Sta, 8 "1 Sun or Stars, or the Altitude of Hills, Trees, Steeples, Coftles, or any 0- 
ener ea. 


His Quadrant is to be made of well-ſeaſoned and ſmooth dry Box or Pear-tree. 
The Semidiameter of the Quadrant is about 19 or 20 Inches. The Arch of the 
Quadrant is divided into 90 Degrees firſt, and each degree into 6 equal parts, each part 
being 10 Minutes, which is near enough for Sea or Land-Obſeryations, and numbred 
as you ſee from 10 to 90 dep. In this Quadrant is inſcribed the Quadrat CEF G, whoſe 
ſides G F, and FE are divided into 100 equal parts. On the fide G F are the parts of 
Right Shadow z on the other ſide E F are the parts of contrary Shadow. In the Center 
at C there is a Braſs-pin, on it to hang a Thread and Plummet; and on one of the ſides 
there is aSight made of Braſs at E. There is alſo an Horizon-Vane, let in upon the 


Center C, and a Shade-Yane and Sight-Yane, for Back-Obſeryation, The Uſe of this 
Quadrant is as follows, 


Example 


_—_ 
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Exemp. Admit I am aſhore, and would know the Sun's Meridian Altitude, and true 
Latitude of the Place. Take the Altitude thus z The String and Plummet being hanged 
on the Center C, turn the Braſs-Pin to the Sun, and hold up the Center until the ſhade of 
the Braſs-Pin ſtrikes on the Sight and line at E,the Thread and Plummet playing eaſily by 
the ſide ; mark where It cuts the Arch of the Quadrant, as atF, that is the Sun's Altitude, 
and reckoned from H ;, and the Latitude is found by the ſame Rules as you have been given 
inthe Uſe of the Fore -ſtaff. The beſt way to hold the Quadrant ſteady, is to skrew iz 
with a Braſs-Pin at K, to a ſtaff ſer perpendicular, and then you may raiſe ic by degrees, 


35 the Sun riſes. 
PROP. 1. For Back-Obſervation & Sea. 

Take the Handle of the Quadrant at H in your hand, after the Vanes are ſet on, and 
fix the Shade-Vane> then bold your Quadrant upright 3 then bring uu Sight Vane to 
your Eye, and look through your Sight upon the Horizon-Vane. You myſt be ſure to 
to hold your Quadrant ſo, that the upper part of the ſhadow of yonr Shade- Vane may fall 
upon the upper part of the ſlit of your Horizon- Vane, and lock through the lit for the 
Horizon: but if you cannot ſee the Horizon, but all Skie and no Water, you mult puc- 
your Sight-Vane a little higher towards V z but if, on the contrary, you do ſee all Water 
and no Skie, then ſlide your Sight- Vane a little lower towards H, and then make Obſerva- 
tion again, and ifthe upper part of the ſhade do lie upon the upper part of the ſlit, and 
you ſee the Horizon at the ſame time, then you have the Sun's prefent Altitude, and you 
muſt wait longer as your judgment informs you, till the Sun is upon the Aderidian, and 
obſerve as you did before : and if the Sun be to the Weſtward of the Meridian, and fall- 
ing, you will ſee all Skie and no Water, and the work is done for that day. Then look 
what degrees the Shade-Vane is put at, which in the Figure is at 70 deg. which note. 
Look alſo what degrees and minutes do ſtand againſt your Sight-Vane, which ſubtraft 
from the former degrees by the Shade-Vane, and the Remainder is the Snn's Meridian 
Altitude, As in the Figure, the Sight-vane is at 25 deg. 30 min. which taken out of 70 
deg. the Remainder is 44 deg. 30 min. the Sun's Altirude. And the way of working 
your Obſeryarion, is the very ſame as you have been given in the Uſe of the 5 3"8-1 "a 


*%.. 


— — XR OÞ.2. To find whether a place be level with the Eye, or hot. 


Take the rant, and look through the Sight at E, by the Center-pin C, unto the 
place you would know whether it be level, or not. 1f the Thread fall on CH, then is the 
Place level with the Eye; but if it ſhould fall within, upon any of the Diviſions, then it is 
higher ; if without the Quadrant, then it is lower than the level of the Eye. 0 


PROP. 3. Tofindthe Height of an Houſe, Steeple, Tower, or Tree, from the Ground at 
one Obſervation. | 


If you can approach the foot of the Object whoſe Height you deſire, the thing is eaſily 
performed by this Quadrant 3 hold up your Quadrant to the place whoſe Height you 
would know, and looking through the Sight on the fide E C.going nearer further from it 
till theThread cut 45 degrees, or fall upon 100 Parts in the Quadrat : ſo ſhall the Height 
of the Obje& above the level of your Eye,be equal to the Diſtance between the Place and 

our Eye. 
; If = Thread fall on 50 parts of the right ſhadow, the Height is but half the Diſtance. 

If the Thread cut 25 parts of right ſhadowzit is but a quarter of the Diſtance; bout if ic 
fall on 75 parts, it is three quarters ofthe Diſtance. The Rule is. 


At 100, to the Parts on which the Thread falleth ;, So is the Diſtance to the Height required. 


bo | The Uſe of the Quadrant. ow /Beok 1]. 


Fi A 64 or 192 B 32 C - 


But when the Thread ſhall fall on the parts of the contrary ſhadow,then if it fall on 50 
Parts, the Height is double unto the Diſtance. If on 25, it is four times the Diſtance. If 
the Thread fall upon the contrary ſhadow, this is the Rule. 


As the Parts cut by the Tread, are unto 100: So # the Diftance unto the Height: 
PROP. 4 The Diſtance being given to find the Altitude at two Stations. 


Suppoſe E D were a Tower or Steeple, whoſe Altitude you would know, and you can- 
not come ſo near as to meaſure between your Station of 45 deg. and the Baſe of the Ob- 
je, by reaſon of ſome Wall or Moat ; yet by the proportion of the Line of Q1adrature, 
you may help your ſelf by another Station. Thus if you could not meaſure the Diſtance 
from B to D. then go backward from B to A, until the Thread cut the 26 deg. 3o min. 
of your Quadrant; and meaſure the Diſtance betweenB and A: As ſuppoſe it to be 32 
Foot or Yards,which is equal to the Height D E 32 the whole Line D A being 64 Feet or 
Yards, double ro the Height. But if you cannot come ſo near the foot of the Object as to 
make an Angle of 45 deg. then take two other convenient Stations, and obſerve the two 
Angles at thoſe Stations, meaſuring the Diſtance between the Stations. Then ſubtract 
the greater of the two Angles from 180 deg. and to the Remainder add the leſſer Angle 
obſerved, and ſubtraCt that Sum from x80 deg, and note this Remainder. Then ſay 


As the Sine of the laſt remaining Angle, To the Diſt ance between the two Stations : 3 
So i# the Sine of the leſſer Angle obſerved, To a fourth Number. And 
As this fourth Number to Radius : 
So is the Sine of the greater Angle obſerved, to the height of the Obje&t required. 
Example. Suppoſe the _ at the firſt Station ro be 43 deg. 50 min. and the An- 
gle atzhe SSCONd Station tobe 39 Degrees, 58 Minutes, and the diſtance betwixt the 
| | two 
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two ſtations 60 Yards: to find the Altitude of the Object above the Level of the Eye. 
Thegreater Angic ſubtrafted from 180 deg. leaves 136d. 10 m. to which afdifiy the + 
leſſer Angle,the Sum is 166 deg. 8 min. which ſubtraQted from 180 deg. leaves 12 deg, $2 
min. Then, 
® As Sine 12 deg.52 min. To the diſtance of the two Stations, 60 Yards. 

So is the Sine of the leſſer Angle, 30 d. 58m, To a 4th Number,which is 130 Yards; 


Then, As the fourth Number, 138 Yards. To Radius : 
So is the Sine of the greater Angle,q43d.5o m. To the Alt. required, 95 Yards +7. 


PROP. 5. By the height of the Sun, and the length of the Shadow, to find the beight of any 


Tree, Tower, or Steeple, 


This Concluſion may be tried by a little Quadrant, by which you may take the Sun's 
Altitude to ; or + of a deg. which is near enough for theſe Concluſions. 


”» 
. 
n 
«® 
. 


40 


AFB 


Suppoſe D E to be a Turret, or Steeple, whoſe height is required to be forind by the 
ſhadow it makes on Level Ground, the Rule is thus, vsz. Let the height of the Sun be 
37 deg. oo min, and the length of the Shadow 40 Foot, the Rule is, 


As the Radius 990 deg, — 


+ - 


<—J__p—_—_ 


— —— 0206 
— — I 


To the length of the Shadow 46 Foot — 6 
So is the Tangent of the Sun's height 37 deg, 


To the height of the Thing defired— - | = — —147 917 

which is found to be 30-1 parts, which ſhews the height to be alittle above 30 Foot. 
Hereis another way to do the ſame without the help of a Quadrant, viz. Ser up a Staff 
of any length,ſuppoſe 3 Feet, as C B, and the Shadow which it makes from B to A is 4 


Feet and becauſe the ſhadow of the Tower from the Baſe thereof to Bis 40 Feet, I ſay; . 


As the Shadow of the Staff, is to the height of the Staff : 
So is the Shadow of the Steeple, to the height of the Steeple. 


The Operation may be performed by Natural Numbers, or by Logarithms, thus, vis. 
As 4 Feet, to3 : {o 40 Feet to 30 Feet: 


3 p 
X29 (30 
| +4 | | 
As the Shadow of the Staff 4 Feet A B, Log. ———— =— =—==——0,60206 
To the length of the Staff 3 Feet B C — — me 
So is the Shadow of the Steeple 40 Feet D B— — —— 1,602.06 


2,47918 


To the height of the Tower 30 Feet DE mr os ac. . {| 
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A Conſtant Kalendar. 


Book I], 


A TABLE of the Prime, Epaft, Dominical Letters, and Leap-Years, 
Shrove-Sunday, Eaſter-Sunday, Whit-Sunday, for Twenty fix Tears. 


>| 27] __ 
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How to Reflifie the Tables of the Sun's Decliaation as any 
time by Proſthaphereſcs, | 


* The Uſe of the Table. 


He Sun's Declination in this Kalender is Calcu- 

lated for the Years 1665, 66, 67, and 68. but 

for any Year after 1668, the Rule is thus. Fxample, 

I wonld know the Sun's Declination for the Year 168g. 

you muſt always ſubtract 1668 from the Year given, 

which is here 168g,the remainder is 21-Years ; which 
JH being divided by 4, the Quotient is 5 Leap-Years, 
Incraſeth and 1 remains, which ſheweth ir is the firſt Year after 
then add; Leap-Year. Now I deſire to reftifie the Table for 
and for de. the ieſt day of April, which in the Kalender you have 
en | $ dep. 39 min. and in this Table you have 40 ſec. 
ſo which multipliedby 5 Leap- Years, 'give 200 ſec. that 
is 3 min. 20ſec. to be added to 8 deg. 39 min. So 


uy have 8 deg. 42 min. for the Sun's Declination in 
168g, 


His Table ſheweth firſt the 

Date of the Years ; ſe- 
conly, the Prime, or Golden- 
Number ; thirdly, the EpaZ , 
fourthly, the Domsnical Letters 
for theſe Years; and then in 
their Order the chief Movable 
Feaſts, ( viz.) Shrove- Sunday, 
E aſter. day, and Whit-Sunday, 
upon which all the reſt depend. 
The Foreign Account is com- 
monly ten days before us. 


Profthapbereſes of the Sun's De-| 


clination, 


| 117,36 4240 
2118 37 43 39 


28424335 '9 424) 
19128 41 4235/19 425 


[2232424333 1s 828 
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The 1 Ule of the Kaknder. 


To find the Sun's Declination wpon every day of the Year, 


He Sun's Year (that is, the time that the Sun goeth out of a certain Point of the 
Ecliptick, and returneth againto the ſame) is not of 365 days juſt ; but about 5 
þ. and 49 min, more (that is, lirtle lefs than 6 hours ; ) wherefore after 3 Years, there 
is always added to the 4th 4 times 6 hours, that is, a day more in February, for to coun 
the Year or the Revolation of the Sun in even-days; therefore that 4thYear is calledLeap- 
Year : wherefore when we deſcribe the Sun's Declination in Tables, we always uſe to 
make 4 ſeveral Tables, for 4 ſuch Years following one the other ; and yet by reaſon of 
the aforeſaid difference, that 4 Revolutions of the Sun do not juſtly make up one day, 
but wants about 44 min. bringeth in proceſs of time ſo great a difference in the Decli- 
ration, that it is needful every 20 Years to renew ſuch Tables. How to find the Leap- 
years, it is thus : Divide the Year of our Lord above 16co by 4 ; if the Diviſion doth 
fallout even without any overplns, that Year then is a Leaþ-year of 356 days : But if 
out of the Diviſion there remain any Number, that remainder ſheweth how many Years 
that Year propounded is after the Leap-year. 1 defire to know what Year the 1666 is. 
Leaving 1600, I divide 66 by 4,and there remains 2 ; whereby | find the Year 1666 to 
be the ſecond Year after the Leap-year. In like manner work for any other Years. [tis 
required to know what Year 1692is. Leaving the 1600, divide the 92 by 4, and © re- 
mains upon the Diviſioa ; wherefore 1 find that 1692 is a Leap-year. For to know the 
ſame by the foregoing Tables, is thus. Each Month hath 12 Columns ; the firſt thereof 
ſhews the days of the Month; the ſecond, having the Dominical Letters, ſhews rhe 
days of the Week 3 the third baving two Rows of Figures, the firſt of them ſhexs the 
Epat of the Moon, and the other the Hour of the Day, reckoning the faid Hours al- 
mays from Noon 3 the 4th ſhews the chief Days of the Year, Terms beginning and end- 
ings and in the void places it ſhews the Riſing and Setting of the Sun inthis Latitude, 
2nd the Place of the Sun every 10th day. Theſe 4 Columns of themſelves are fit for or- 
dinary uſe, and may with a little Pains perform the noſes of the yearly Almanacks, as 
you ſhall ſee by the following Rules, The 5th Column of the foregoing Tables ſhews the 
Sun's Declination for every day of the Year, for all theſe Years in the firſt Column un- 
Ger-written, which are all Leap-years. The 6th ſhews the daily difference of the Sun's 
Declination. The 7th ſhews it for the firſt Year from the Leap-year. The 8th the 
daily difference of the Sun's Declination in that Year. The gth ſhews the ſecond Year 
from the Leap-year ;, the 1oth the difference; the 11th the third Year from the Leap- 
or the 1 _ the difference, The foregoing Tables are Calculated for the Meridian 
Londen, &c. 


\ Table by which you may | properties th 


Sun's Declination to any other Meridian. 

of the difference of the Declination in divers The Difference in M. MAM.\M.|M.\M 1M. 
places of the Earth. ,, foo oalbelopſra\re[ufie1/ng 
Ote this, they that are more Eaſtetly [M.M. M.J}M.\M-1M.1MM..M. 
from the Meridian of Londen have oſolofofif} i] i| 
the Declination le& when the Decliaation oloſr{iji] 2] 2 
iacreaſeth either Northward or South- o\tizj2]2] 31 3 
wardz and when the Sun's Declination tl jzſz[3] 3] 4 
ſeth, it is greater. tl2j2[3][4|4} 5 
_ Oa the contrary, they that are more t|2|3|4|4] 5] 6 
Weſterly from the Meridiaa of Lavden, ({2\2[314\5\ 5 7 
whenthe Declination increaſeth North or 12|3]|4|}5]s| 7 8 
South, have moreDeclination,and leſs when 2|3 4 51718] 9 
the Declination decreaſcth. [2 |315]* 31 gjio 
12/415 6} $1011 
3141s 7 9 JI00t2 
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The Uſe of the Kalendar, Book 1I, 


Examp. On the26th of March, the firſt Year after the Leap-year, | ge. 
fire to know the Declination of the Sun at Noon at Bantam in the Eft 
Indies, | find by Globes or the Plat of Mercator, that Bantam is to the 
Eaſtward of the Meridian of London about 1 10 dep. (we do not eſteem of 
a deg. or two, becauſe it amounteth to nothing in this buſineſs.) Sayg if 
one Revolution of the Sun, which is 360 deg. requires 24 hours,what tine 
will 110 degrees ? Facit 7 hours, and ſomething more, whereby the $1 
comes to the Meridian 7 hours ſooner at Bantam, than it doth at Londy: 
ſo that it is 12a Clock at Noon at Bantam, when it is 4 of the Clockin 
the morning with us at London. The Sun's Declination for the 26th of 
March, is 6 deg, 25 min. The difference of the Declination of the 
following you find is 23 min. which it is increaſing. Therefore I ſay ifin 
24 hours the Declination increaſeth 23 min. how much then in 7 hour? 
Facit almoſt 7 min. that the Declination is leſs than ir is at London, Q 
that the Declination at Bantam that day is but 6 deg. 18 min. North. 


Examp. 2. By the foregoing Table. 


On the 17th of September in the ſame Year, I deſire to know rhe Decli- 
nation that day at Noon at ZHantam. The Dechnation for the Merj- 
dian of London is that day 1 deg. 52 min. and the difference of the De 
clination of the day following is 24 min. decreaſed; and, as was (aid 

before in the: laſt Example, the difference of Longitude is 110 deg. Therefore[ 
look in the Head of the foregoing Table, for the neareſt Number to the difference 24, 
and find it to fall on the Head of the laſt Column ; then look vn the left hand of the 
Table for the difference of Longitude, and | find ro5 dep. neareſt, and in the Common 
Angle of meeting I find 7, which is to be ſubtratted from the D:clination in the Meridian 
of London abovelſaid, 1 deg. 52 min. and the remainder will be the Declination for the 
Meridian or Longitude lamin, which is 1 deg. 45 min. South. But if the Declination 
decreaſeth, as it doth here increaſe, then you mult have added. : 
| eg.min. 
In the Meridian of London the Declinaticy —— — —— Ol 52 
The minutes proportional ſubtracted — — 00 07 


The Declination for 110 deg. Longitude of Bantam, Eaſt——o01; 45 
The Declination of 110 deg. Weſt of the Meridian of London—o01 59 Weſt, 


Examp. 3.' A Ship being come on the 7th of November,in the third Year after the Leap 
year, into the great South Sea, thwart of the Coaſt of Pers, in Longitude 76 deg, from 
London. The Pilot deſireth the Declination there at Noon in that Meridian, 


In the Meridian of London the Declination is ——— -=——19 08 South 
_ The minutes proportional added — — — 0 


EE ens anne 


In the Longitude 76 deg. the Declination =_—_—_— i i W< 
In the Longitude of 76 deg. Eaſt, the Declination is 19 of 


The RefraQtion of the Sur, Hoon, and Stars, cauſeth them to appear higher above 
the Horizon than they are-: therefore the Refraftion is always to be ſubtracted fram 
the Altitude obſerved, that the true Altitude may be had. | 


Example, 


- TheSun's Meridian Altitude by Obſervation being 90 deg. 1 require the true Altitude: 


| ; deg.min, 
Altitude by Obſervation ————— — —09 00 
Refraftion ſubtratt——— —— —————— C0 10 


— — o8 59 
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MM 


p 4 T able of the Refraitions of the Si 
| Mon, and Stars, according to the Obſer 
vation of the thrice Noble T ycho Brahe. 


” | Alts- (Sun. cara ay Alti-|Smn. 
tude. mm, min. \min, wde, i 
; | © | 34 | 33 | 30 18 | 06 | 06+ 
By reaſon of th: RefraQtion of the Sdn, a | 1 | 26 | 25, | 2r i9 | og | os 
Dutch Ship being upon the diſcovery of a , 2 | 20 | 20 | 15 20 | 04 | og 
North. E ſage to the Exft-India, and | 3117487 | 12 21 | 04 | Og, 
Winter being in Nove Zembls; the Mari- 4 | 15 | 15 | 11 22 | 03 | 04 
ners beheld the Sun 17 days ſooner than he 5 | 14 | 14 | 10 23 | 03 | Og 
hould by his Declination appear above the 6 | 13 | 14 | cg 24 | 03 | 04 
Horizon, which is cauſed by the groſs Va- 7 | 12 | 13 | 08 25 | o2 | 03 
pours, and thickneſs of the Air near the 8 | ti | r2 | 07 26 | o2 | 03 
Horizon. 9 | 10| 11 | 06 27 | 02 | 03 
of 10] 10 | os 28 | 02 | 02 
it | 09 | 16 | os 29 | 02 | 02 
12 | o9 | 10 | 04 30 | on ! 02 
13 | 08 | og | 04 31 | O1 | o2 
14 | 08 | 08 | oz 32 | or] or] 
I5 | 07 | 08 | 03 33 | 01 | on 
[6 | 07 | 07 | 02 34 | 01 | O1 
| 17 | 6 | o7 | 62 35101] ork 


I. To know the day of the Month. 


His is the Chief Uſe'of an Almarack, and may as well be performeg by this, as by 
T any other. To this purpoſe you mult by the general Kalender at the beginning 
hereof, know the Dominical or Sunday- Letter for the Year; then conſidering with your 
ſelf whether it be the beginning, midſt, or end of the month, (as you muſt do in any 
Almanack) find this Letter in the beginning, midſt, or end of the month, and reckon- 
ing from it to the day of Week, either Monday or Tueſdsy, or whatſoever other day it is, 
right againſt the day of the Week, you ſhall find what day of the month it is. Here is no 
difficulty in this ; only when it is Leap-year you ſee there is two Sunday-Letters, the firtt 
of theſe you muſt uſe only to the 24th of February,and the other all the Year after. Exams 
pe. In 1668. the Dominical Letters E D the firſt Sunday in Fanary, is at the firſt E, 
Fhich is at the fifth day of the month 3 the firſt Sunday in Febrwary is at the ſecond day - 


of the month ;, but the firſt Sunday in arch is at the firſt Dz which is at the firſt day of 
the month, and ſo all the year after. 


Il. To know what day of the Week any Notable day will fall upon in any Tear. 


[rſt, find the Dominical Letter in the former Table 3 then find your Letter in your 

Month next before the day you defice,and ſo from thence count the days of theWeek, 
till you come to the day deſired. Thus if you would know what day of the Week La- 
<-d4y falls upon in the Year 1668. the Dominical Letter is D;, this is three days before 
the ſaid day, therefore it falls upon a Wedneſday. But in the Year 1669. when the 
Dominical Letter is C, Lady- day will be upon Thurſday. 


Ill. Fo find the time of Sun-rifing and Setting, 


His is ſet down for moſt of the days in the Year, for Lendon ;, and may ſerve fot 

-moſt parts of England : And this is done after ſomewhat a briefer manner than is 
uſual, making the minutes which is placed in the midſt, to ſerve both the hours of Set- 
tiog and Riſing z which you muſt underſtand thus : The 7th of February you ſhall find 
theſe Figures, 4» 59, 8, that is, the Swn that day ſets at 4 b. 59 min. that is, 59 min. 
?fter 4, and riſeth at 59 m. $h. that is 59 m. before 8,or at 1 min. paſt 7 a Clock. And fo 
you mult account them always, remembring, that as the minutes follow the firſt Figure, 
ſo they muſt be reckoned in time after it 3 as they ſtand before the laſt Figure, ſo rhoy 
tault be reckoned in time before it. f \þ 


T he Uſe of the K alendar. 


If you double this time of Sun-ſetting 
You have the length of the Day - S — _— 
If you ſobtratt it from ati oem enpcani g—m—_—_— 
You have the time of Riſing CE 
And this doubled ſhews the length of the Night —- 


IV. To find the Place of the Sun. 


'1P is ſet down in the Kalendar about every tenth day ; ſo that reckoning a degre: 

for each day between, you ſhall have the place of the Sun exatt enough for moſt 
ordinary Uſes. Thus the 10th of March the San enters into Aries 3 therefore the 15th 
day, or five days aſter, the Sn is in five degrees of Artes. 


V. To find the Day and Hour of the New Moon, and thereby the Full and Quarters, 


P"* you muſt fd the Moons Epatt for the preſent Year you are in: This Number is 
found out in the Firſt Book, and alſo the Table at the beginning of the Kalendar. 
The Change alſo may be found out by the Golden Number : But it is much rexdier to 
find out by this EpadF, which runs for the moſt part in a conſtant Order, only here and 
there skipping a day, and is marked thus, + 

Having found out the Epad for this preſent Year, turn to the Month you deſire, and 
there find out the ſaid Number of the Epad in the third Column of the Months, and 
mark what day uf the Month it ſtands againſt, for that is the day of the Change or New 
Moon. Likewiſe if you have reſpe&t to the Dominical Letter, which is by it, you ſhall 
ſee what day of the Week it is. Now here in this Column there are two Rows of Fi- 
gures; the firſt ſhews the Epa@- Number, and the next the Time of the Day reckoned 
by the hours from Noon, which are plain to underſtand till you come to 12 hours after 
Noon, which is Mid-night 3 but then the Numbers above 12, you muſt reckon to the 
Morning of thg next day, 

So that theſe hours after Noon, 1 3, 14, 153 16, 17, 18, 19, 20, 21,22, 23, 24, are all 
one with theſe at Noon the next day in the Morning, 1, 2, 3, 4, $6, 7, 8, 9, 19; 11, 12. 


Thus in the Year 1666. the Epa being 4, and the Domjnical Letter G, you ſhall find 
this Epa- Number 4 in the month of Faly, againſt the 21th day, being Saturday; and 
the Cipher o ſtanding by it, ſhews that the New Moor is juſt at Noon. Again in the 
month of November, you ſhall find the Epait 4, againſt the 16th day being Friday ; and 
the Figure of 2 ſtanding by it, ſhews that about 2 hours after Noon the Avon changeth. 
Having firſt found the time of the New Adoon, you may from thence reckon the Age of 
the Moon, and find the Quarters and Full Moon, Thus the Moons Ape is, at the Firlt 
Quarter 7 days; at the Full Afoon 15 3 ar Laſt Quarter a2 days. 


The End of the Second Book. 


Chap. L | 79 
The Third Book. 


— 


- CHAP. I. Of the AfeGion of Right-lin'd Triangles, 


His Third Book is as it were a Key to theſe that follow, the Subje& whereof is 

| Trigonometry ; therefore its convenient before I come to the following Prac- 

tiſe, to ſay ſomething concerning Plain and Spherical Triangles, althoogh that 

&bj:&t be handled by divers able Mathematicians already ; as Norwood and others : {6 
that thoſe whodeſire to make a further ſcrutiny into Trigonometry : may peruſe them. - 

Before we come toſhew how the Quantity of the Sides and Angles of any Triangle 

may be found by the Tables of Artificial Sines, Tangents, and Logarithms, and by the 


Lines of Artihcial Sines, Tangents, and Numbers, cake theſe following Theorems, as 
necellaries thereunto, ; 


[. A Triangle is a Figure conſiſting of three C 
Sides) and three Angles, as in the Figure 
DB C. | 


Il. Any two Sides of a Triangle, are called 
the Sides of the Angle comprehended by 
them; as the Sides CB and DB, are the 
vides containing the Angle C B D. D "W ant 


Ill. The Meaſure of an Angle is the Quantity of an Arch of a Circle, deſcribed on 
the Angular Point, and cutting both the containing ſides of the ſame Angle; As in the 
Triangle following, the Arch CB is the Meaſure of the Angle at A, the ArchKD is 
the meaſure of the Angle at E, and the Arch F G is the meaſure of the Angle at H. 


Exch of theſe Arches are deſcribed on the Angular Points A, H, E, and cut the coti- 
taining Sides. 


Iv. A Degree is the 360 part of a Citcle. 

V. A Semicircle containeth 189 Degrees. 

VI. A Quadrant containeth.90 Degrees. | | : | 

VII. The Complement of an Angle leſs than a Quadrznt, is ſo much as that Angle 
wanteth of go Degrees; as if the Angle A H E ſhould contain 41 Degrees, the Com- 
plement thereof would be 49 deg. For if you take 41 from 90, there will remain 45 deg. 

VII, The Complement of an Angle to a Semicircle, is the Remainder theteof ta 
© -Degroes.., | 

IX. An Angle is either Right, Acute, or Obtule. 

X. ARiyht Angle isthat whoſe meaſure is a Quadrant, 

Xf. An Acute Angle is lefs than a Right Angle. | 
* Xl, An Obtuſe Angleis greater than a Quadrant. hs þ 


T rigonometry. | Book 1It. 


XIN. A Triangle is either Right-angled, or Obtuſe-angled. 

XIV. A Right-angled Triangle is that which bath one Right-angle ; as the Triapple 
AH E is Right-angled at E. 

XV. Inevery Right-angled Triangle, that Side which ſubtendeth (or licth oppoſite 
to) the Right-angle, is called the Hypothenuſa 3 and of the other two ſides, the one - 
called the Perpendicular, and the other the Baſe at pleaſure: But moſt commonly the | 
ſhorteſt is called the Perpendicular, and the longer is called the Baſe. So in the former 
Triangle, the ſide AH is the Hypothenuſa, H E the Baſe, and AE the Perpendicular. 

X'/I. In every Right-angled Triangle, if you have one of the Acute Apgles given, the 
other is alſo given, it being the Complement thereof to 90 deg. As in the Triangle 
AH E, ſuppoſe there were giventhe Angle HA E 49 deg. then by conſequence the An- 
gle A HE mult be 41 degrees, which is the Complement of the other to 90 degrees. 

XVII. The three Angles of any ESE Triangle whatſoever, are equal to two 
Right Angles, or to 180 degrees: ſothbatif of any Right-lined Triangle, you have any 


two of the Angles given, you have the third Angle alſo given, it being the Complement 
of the Sum of the two given Angles to 180 deg. | 


Fd 


So in this Triangle ABC, if 

there were given the Angle BAC 

36 degrees, and the Angle ACB 

126 Degrees, I ſay by the conſe 

' F quence, there ts alſo given the third 

Ak : {- Angle. For if you add the two 

= | " given Angles together and ſubtrit 

Ne Rn On the Sum from 180 degrees, there 
$700. $2G, , oond** will remain A B C 18 degrees. 

In all plain Triangles, the Sides are in ſuch proportion one to the other, as the Sines 


the Angles oppoſite to thoſe Sides. So in the Triangle ABC, the Sine of the 
Angle A C Bis in ſuch proportion to the Side A B, as the Sine of the AngleCAB is 
to the Side BC. And ſoof any other. 


CHAP. Il. Containing the Dodrine of Right-lined Triangles, both Right-angled and Obi 


que-angled ; andthe ſeveral Caſes therein reſolved, both by Tables, and alſo by the Lire: f 
Artificial Numbers, Sines, andTangents. | 


Come now to ſhew you how aPlain Triangle may be reſolved ; that is, by having 
three of the ſix Parts of a Plain Triangle, provided one of them be a Side, to fad 
a fourth. 

In all the Caſes following I have made uſe of but two Triangles for Examples ; one 
Right-angled, the other Oblique-angled : bur in either of them I haye exprelled all the 
Varieties that are neceſſary. t 

The Sides of any Plain Triangle may be meaſured by any Scale of Equal Parts; asan 
Inch divided into 10 parts, 20 or 39 Parts, repreſenting Inches, Feer, Yards, Poles, 
Miles, or Leagues. 


To lay off an Angle by the Line of Chords. 


Raw a Line at pleaſure, asAB; and from the 
point A let it be required to protratt an An- 
gle of 41 deg. 24 min. Firſt extend the Compaſſes 
upon the Line of Chords, from the beginning there- 
of to 60 deg. always; and with this diſtance ſet- 
ting one foot upon the point A, with the orher de- 
ſcribe the pricked Arch B C:Then with your Com- 
py < t palles take 41 d. 24m: (which is;the quantity of 
A. b B the inquired Angle) out of the Line of Chords, 
from the beginning thereof to 41 deg. 24 min. Keeping the Compaſſes at this diſtance, 
if you ſet one foot thereof upon B, the other will reach upon the Arch to C. Laſtly, 

TO draw the Line AC, Sothe Angle C AB ſhall contain 41 deg. 24 min. es 
"fe 4; * Sippoſe C AB were an Angle given, and that it were required to find the Quantity 
contained in thereof. Open your Compalles, as before, to 60 deg. of your Chord; and placing one 
ax Argle, Foot in A, with the other deſcribs the Arch BC. Then take in your — the 
| iſtsnce 
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* diſtance C B, and meaſuring that extent upon the Line of Chords, from the beginni 
thereof, you ſhall find it reach 41 degrees ! ) e beginning 


» Which 1s the Quantity of the inquired 
Angle. 
7 any Angle given or required ſhall contain above go degrees, you muſt then mea- 
fre it at twice, by taking firſt the Chord of $0 dcg. and then the Remainder. 

The ſeveral Caſes of Right-lin'd Triangles, may not only be applied to Navigation, 
bat alſo in the taking of Heights, as is ſhewn elſewhere. | 
In the reſolving of Plain Triangles there are 12 Caſes, on which I will infiſt in their 
order. 


_ CHAP. Ill. Of Right- angled Plain Triangles. 


CASE I. Jn a Right-angled Plain Triansle, the Baſe and the Anvle at the Baſe bein? 71 
zo find the Perpendicular, FAY 4 _ aſe being given, 


QOppore that the Lice CA (in the following Figure) in the Rigbt-angled Triangle 
werea Iree, Tower, or Steeple, and that you would know the Height thereof ; 
you mult obſerve wich your Inſtrument the Angle CB A, and meaſure the Diſtance B A. 
$ have you in the Right-angled Triangle ABC, the Baſe 405 Foot, and the Angle at 
the Baſe 32 deg. and it is required to find the Perpendicular AC. Now becauſe the 
Angle CB As given, the Angle B C A is alſo given, it being the Complement of the 


other to 90 deg. and therefore the Angle BC A is 58 degrees : Then to find the Perpen- 
dicular C A, the Proportion is, . 


As the Sine of the AngleBCA 58 deg. 


— ———_—_—z 


Is to the Logarithm of the Side BA 405 Foot —— ———— ————— 2697455 


So is the Sine of the AngleCB A 32 deg, —— 9724210 
The Sum of the ſecond and third added ——— ——— 3166 
The firſt Number ſubtraCted from that Sum ———— ———————gg:8420 
To the Logarithm of the Side C A— ——2403245 


The Number anſwering to this Logarithm 2403245,is 253 Feet, and that is the length 
of the Side C A, or the Height of the Tree, Tower, or Steeple, which was required. 

A General Rule. ]n all Proportions wrought by the Logarithms, you muſt obſerve this 
for a general Rule, (wiz. To add the ſecond and third Numbers together, and from 
theSum of them to ſubtract the firſt Number, ſo ſhall the Remainder anſwer your Que 
tion demanded. As by the former Work you may perceive, where the Logarithm of the 
Side B A 2607455 (which is the ſecond Term) is added to the Sine of the Angle C B A 
9724210 (which is the third Term) and from the Sum of them, namely from 1233 1655, 
6 ſubtracted 9928420, the Sine of the Angle BCA, which is the firſt Number, and there 


_ 2,423245, Which is the Logarithm of 253, and that is the Lergch of thefide 
required, . : 


405 
To reſolve the ſame Work by the Line of Sines and Numbers. 
You may work theſe Proportions by the help of the Line of Sines, Tangents; and 
Numbers, on your Scale, the Proportion being as before: 
Therefore if you ſet one Foot of your Compaſſes at 58 deg. in the Line of Sines, 4nd 
extend the other Foot to 405 in the Line of Numbers, the ſame will reach from the Sine 
of 32 deg, 253 in the Line of Numbers, which is the lepgth of the fide A C; whicti was 


required, 
2M Aa Or 
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Or otherwiſe, Extend the Compaſſes from the Sine cf 58 eg. tothe Sine of 32 deg, 
:n the Line of Sines; the ſame Extent will reach from 405 in the Lineof Numbers, 16 
253 2s before. | 

CASE; Ill. 7 he Baſe andthe Angle at the Baſe given, To find the Hypotbenuſa. 

N the ſame Triangle ABC, let there be given (as before) the Baſe A B 4oy Foor, an 
I the Angle ABC 32 deg. and let it be required to find the Hypothenula BC. Nog 
becauſe the Angle CB A is given, the other Angle B C A is alſo given 3 and the Pro. 
portion Is, 

As the Sine of the Angle B C A 58 deg, —— — 9,923429 


To the Logarithm of the Side 405 Foot —— 
So is the Sine of the Angle CA B go deg 


The Snm of the ſecond and third Number, added —— 12,607455 
To the Logarithm of the Side B C -— —— —2,67 5035 


The Number anſwering to this Logarichm is 477 ; and ſo many Feet is the Hypo. 


thenuſa. 
By the Line of Numbers and Sines. 

Extend the Compaſſes from the Sine of 58 deg. to 405 inthe Line of Numbers, the 
ſame extent will reach from the Sine of go deg. to 477 In the Line of Numbers ; and 
that is the Length of the Side BC. Or you may extend the Compaſſes from the Sine of 
58 deg. to godeg. the ſame extent will reach from 405 to 477, as before. 

CASE Ill. The Hypothenuſa and Angle at the Baſe being: given, tofind the Perpendicul. 
N the ſame Triangle let there be given the Hypothenuſal B C 478 Feet, Poles, Miles, 
or Leagues, and the Angle at the Baſe CB A 22 deg. to find the Perpendicular C a, 
The Proportion is, | 
' As the Sine of the Angle CAB go deg. _——— 10,000030 


9 —_ 


Is to the Logarithm of the SideB C 478——- — 2,679.3 
So is the Sihe of the Angle CB A'32z deg. —_m—_ 


I — OT —_—_ — 


To the Logarithm of the Side A C 253 ——————1 2,403} 


\ The Number anſwering to this Logarithm is 253, and that is the Length of the Side 
CAinin Feet, Poles, Miles, or Leagues. Here the Work is ſomething abreviatzd; 
for the Angle C A B being a Right Angle, and being the firſt Term when the ſecondand 
third Terms are added together, the firſt is eaſily ſubtraCted from it, by cancelling the 
Figure next your left hand, as you ſee in the Example; and ſo the reſt is the Logacichm 


of the Number ſought. 
By the Line of Sines and Numbers, 


Extend the Compaſſes from the Sine of 90 degrees, to 478; the ſame Extent mill 
reach from the Sine of 32 degrees, to 253. Or, extend the Compaſſes from the Sine 


of 90 degrees, tothe Sine of 32 degrees, the ſame Extent will reach from 478 to 253, 
and that 1s the Side C A. OD 


CASE IV. The Hypothenuſal and Angle ad the Baſe being given, To find the Buſe. 


| By there be given in the Trianglethe Hypothenuſal BC, and the Angle at the Baſe 


CBA; and by conſequence the Angle B C A the Complement of the other to 99 
degrees : then to find B A, the Proportion is, 
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As the Sine of 90 deg, CA B—— 10,0000c0 


To the Hypothenuſal CB 478 = —— 2,679428 
So is the Sine of the Angle ACB58 —— ——————. 9,928420 
To the Logarithm of the Bale A B—— —— —— —42,607848 


The neareſt Number anſwering to 2, 607848 is 405: and ſo many Foot or Poles, 
Miles or Leagues is the Baſe A B. 

In the Art of Navigation, we may call one of the Sides, as A. B. the Long. or Me- 
ridian Diſtance 3 the other the Difference of Lat. as C. A ; and the Hypothenuſal, the 
Diſtance, as C. B. 

By the Line of Sines and Nambers, 


The Angle given, as before, extend the Compaſſes from the Sine of 90 deg, unto 478, 
the ſame Extent will reach from the Sine of 58 deg. to 405 inthe Line of Numbers. 

Or, Extend the Compaſſes from the Sine of 90 deg. to the Sine of 58 deg. the ſame 
Extent will reach from 478 to 405, which is the Length of the Baſe A. B. 


CASE V. Ler the Perpendicular be the difference of Latitude 253 Leagues, and the Angle 
« C,S. W.byW. 1 wh 45 min. Weſterly, or 53 deg. Let it be given to find the Fypo- 
thenuſal or difl ance upon: the Rhomb, 


F the Perpendicular or Difference of Latitude 253 Leagues A C be glven, and the 

Angle at A CB. S. W. by W. 1 deg. 45 min. Weſterly, or 58 deg. Then by conſe. 
quence the Angle A BC, or Complement of the Romb is alſo given 5 taking it out of 
50 deg. then the Hypothenſual may by found thus. 


As the Sine Complement of the Rhomb 32 deg. the Angle at B,=——g,724210 
Is to the Logarithm of the Difference of Latitude 253—. ————— :2,403121 
So is the Sine of the Angle or Radius 99 dey — _—_ | 0, 000000 


—— 


To the Logarithm of the Hypothenuſal, br Diſtance ſailed, 4779 — —— 23678911 


Here becauſe the Angle CA B is a Right Angle, or go dep. the Radius, and comes in 
the third place, 1 therefore only put an Unite before the Term, and fo ſubtratt the ficlt 


Term, and the remainder is 2,678911 3 the abſfolote Number anſwerivg thereunto is 
478, the Side required. 


By the Line of Numbers, 


hm the Compaſſes from theSine of 32 deg. to 253 deg. the ſame diſtance will reach 
from the Sine of go deg. to 477 the Side required. 

Or, the diſtance between the Sine of 32 deg. and 9o deg. will be equal to the diſtance 
between 253 and 4.77, and giveth the Side required. 


CASE VI. The Hypothenuſal or dift ance Sziled, and the Perpendicul& or difference of La-= 
tiade given, To find the Rhomb or Angle A B C. 


N the foregoing Triangle, there is given the Hypothenuſal or diſtance failed; C B 
478 Leaynes, and the Perpendicular 253 Leagues, the difference of Latitude, and it 
required to tind the Angle ABC, the Rhomb between the South and the Welt. 


As the Logarichm of the Hypothenuſal C B 478 Leagues 


= —2,679428 
ls to the Right Angle or Radius 90 deg, C A B-————— — 10,000c00 
So is the Logarithai of the Perpendicular 253 CA ———————2,49121 


To the Cotnpl. Sine of the Rhomb,or Sine of theAng.A B C 31 d. 57 m.9,723693 


. The neareſt Logarithm anſwering to 9,723693, is the Sive of 31 deg; 57 min. which 
dedutted from 90 deg. there remains the Angle of the Rhomb 58 deg+ 3 min. or S: W. by 
W.1 deg. 4$ min, Weſterly. : 


| By the Line of Numbers. | 
$i tend the Compalles frown 478, to the Sine of 903 the ſarte diſtance will reach 
from 253, to the 32 deg; fere. 


-% 
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Or, Extend the Compaſſes from 478 to 253 3 the ſame Extent will reach from the Sine 
of 90 to the Sine of 32 deg. fere, which is the required Angle A B C, and the Compl.. 
ment of the Rhomb. : 


CASE VII. The Hypothenuſal, and the Parallel of Longitude given, To find the Rbgnh 
or Courſe Sailed. 


N the foregoing Triangle there is given the Hypothenuſal or diſtance ſailed, CB 473 
I Leagues, and the Parallel of Longitude or Baſe 405 Leagues, to find the Courſ; 
or Rhomb ſailed, or the Angle A CB. 


As the Hypothenuſal or diſtance ſailed 475 C B 


my -n—,6794 


— 


To the Right Angle C A B Radius or Sine of 90 deg —=—— 10,0c0020 
So is the Parallel of Longitude, or Baſe AB 405 Leagues ————— 12607455 


LE RY 
— 


To the Sine of the Angle of the Rhomb or Courſe ſailed 57 deg. $5: a 
min. or S. W. by W. 1 deg. 49 min. Weſterly. nnmnmm nan | = 29 £000] 


By the Lines of Sines and Numbers, 


Xtend the Compaſſes from 478 in the Line of Numbers, to the Sine of 90 deg, th: 
ſame Extent will rcach from 405, to the Sine of 58 deg. fere. 
Or, Extend the Compalles from 478 to 405; the ſame Extent will reach from th: 


Sine of 90, to the Sine of 583 deg. fere, A C B, the Angle of the Rhomb or Covtle ſailed, 
which was required. 


CHAP Iv, Of Oblique- Angled Plain Triangles. 


CASE I. Having two Angles, and a Side oppoſue ro one of them, To find the Side oppeſit 
to the other. 


N the Triangle Q RS, is given the AngleQ SR, 25d. 3o m: and the Angle QRS, 
45 d. 29 m. and the Side Q S, 305 Feet ;, And it is requircd to find the Side Q R. 
Here note, that in Oblique-Angled Plain Triangles, as well as in Right Angled, the 


Sides are in proportion one to the other, as the Sines of the Angles appolite to thoſe Sides: 
Therefore, 


As the Sine of the AngleQ RS 45 deg. 20 min. Les wei e—— 9351997 
Is to the Logarithm of the Side Q $ JOS —— _—_ —— 2.484299 
SO Is the Sine of the AngleQ SR 25 deg. 30 min, —— 9,633984 


The Sum of the ſecond and third Terms — ——12,188; 
The firſt Term ſubtrated— 


; nn hmarnntnnmeinn no Ie1097 
To the Logarithm of the Side Q R—_ —_———_d on 66406 
The neareſt Number anſwering to this Log. is 184 3 and ſo many Feet is the Side Q R, 


* . By the Line of Sines and Numbers. 
He Line of Sines and Numbers will reſolve the Triangle by the ſame manner of 
Work, as in the other before. For if you exttnd the Compaſſes from the Sine 
of 45 deg. 20 min. to 305 Foot, the ſame diſtance will reach from 25 deg 39 min. to 
.184 Foot, and ſo much is the Side Q R. 
Or, Extend the Compaſſes from the Sine of 45 deg. 20 min. to 25 deg, 3o min. the 
ſame diſtance will reach from 305 to 184, the length of the Side inquired. 


tt  _.. A 
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In like manner if the AngleR Qs, 10g deg, 10 min. and the Angle Qks 45 deg 
min. and the Side Q S 305 Foot, had been given, and the Side R S required, | 
Kal of Work had been the ſame : For, ; required, the man 


45 the Sine of the AngleQ RS 45 deg. 29 min. 


— Hwy 
# Is to the Logarithm of the Side QS 305 —— —_ 
So is the Sine of R Q'S 109 deg. 10min. (or 70 dey. 50 min. == ——_— 


The Sum of the ſecond and third Terms 
The firſt Term ſubtratted —— 


—T_—__ 


DT OR SY Ong 


The Abſolute Number anſwering to this Logarithm is 495,and ſo much is the SideR S:; 
[n this Caſe, becauſe the AngleR Q Sis more than 90 deg. you muſt therefore take 
the Complement thereof to 180 deg. fo 1c9 deg. 10 min. being taken from 180 deg. there 


remains 72 deg. 50 min. whoſe Sine is the ſame with 109 deg, 10 min. And ſo you muſt 
work with all Angles above 9o deg. 


By the Line of Numbers and Sines. 


Xtend the Compaſlles from the Sine of 45 deg, 20 min, to 305 Feet, the ſame diſtance 
þ will reach from 70 deg. 50 min. to 405. 
Or the Compaſſes extended from the Sine of 45 deg. 20 min. to 70 deg. $0 min. the 


lame Extent will reach from 305, to 405 in the Line of Numbers, which is the Side 
Rs required. 


CASE II. Two Sides and an Angle oppoſite to one of them being given, To find the Angle oppo. 
ſte ro the other, 


N the ſame Triangle let there be given the SideQ'S 305, and QR 1855 Feet, together 
with the Angle QSR 25 deg. 30 min. 3oomin. and let it be required to find the Acute 
angle Q RS. The Proportion is, 


— 


As the Logarithm of the Side Q R 135 2,26 2192 


Is to the Side of the Angle Q SR 25 deg. 30 hin.———- 6 3984 
So is the Logarithm of the Side Q, S 305 ——— — — —2,4384299 
The Snm of the ſecond and third Numbers —— — 
The firſt Number ſubtrated from the Sum = —,67 
To the Sine of the AngleQ R $ 45 dep, 13 min, — ———z It 


The neareſt deg. anſwering to this Sine is 45 deg. 13 min. which is the Angle required 
QRS, if the Angle required had been Obtuſe, ir would have been 134 deg. 47 min. 


By the Line of Sines and Numbers. 


Ntend the Compaſles from 185, to 25 deg. 30 min. the ſame diſtance will reach from 

305, to 45 dep. 13 min. the Angle Q RS. : 

Or extend the Cothpaſles from 185, to zo5 3 the ſame extent will reach from 25 deg, 
39 min, to. 45 deg. 13 min. as before. 


CASE III. Having two Sides, and the Angle contained between them given, To find either 
of the other Angles, 


N the ſame Triangle, ſuppoſe there were given the Side R S 406, and the Side R Q 
185, and the Angle comprehended by them, namely the Angle a R, 45 deg. 20 min. 

It were required to find either of the other Angles. 7 FEY ogy 
Firſt Take the Sum and Difference of the two Sides given ; there Sumis 59t, and 
their difference is 221. Then knowing that the three Angles of all Right-lin'd Triatigles, 
aetqual to two Riglit Angles; or 180 deg. (by mw : 5th Theor. of Chap. 5.) by 
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he Angle S QR being 45 deg; 20 min. if you ſubtra®t this Angle from 180 deg, the 
peru i be 134 deg. 49 min. which is the Sam of the two unknown Angles at Q 
and S; the balf thereof is 67 deg. 20 min. | 


The Side RS—406 Paces. , deg. min, 
ideRO — 3185 Paces. Two Right Angles —— won— i 0 
TEEN The Angle at R —— —— — 045 


The Sum 5917of the Sides given, JThe Sum of the two oppoſite Ang. 134 49 
The Difference—22 4. RSandRYQ. The half Sum —————— —-—067 2g 


The Sym and Difference of the Sides being thus found, and 21ſo the Half-Sum of the 
two unknown Angles, the Proportion by which you muſt find rhe Angles ſeverally is, 


As the Logatithm of the Sum of the Sides 591 ——-- ——=2,771587 
Is to the Logarithm of the difference of the Sides 221-—— 2,344392 


So is the Tangent of the half Sum of the two unknown L 
Angles 67 deg. 20 min. FTP SE 


The Sum of the ſccond and third Number — 12,723605 4 Sum 67 29 
; n— Tang. 4! 59 
The firſt Number ſubtratted from the Sm ——————2,77 1587 — 


109 19 
— — 
| Leſſer 

Which added to the Half Sum, makes 109 deg, 10min. Greater Angle. Angle 25 30 
The greater of the Angles required, 


Subtra@t 41 deg. 5o min. from the{, 25 deg. 30 min. Leſſer Angle 
Half Sum,lcaves the leſler Ang. at S. 


The Tangent of 41 deg. 50 min. _— 


EA 
S 
By the Line of Tangents and "Numbers, 


Ktend the Compaſſes from the Sum of the Sides 591, to the difference df the Sides. 


e 221; the ſame Extent upon the Line of Tangents will reach from 67 deg. 20 min, 
the Half Sum, to the Tangent of 41 deg. 50 min. 


'CASE IV. Two Sides and their Containing Angle given, to find the third Side, 


"mm is given R S 406 Paces and RQ 185 Paces, and the Angle at R 45 deg. 20 
min. By the 10th Caſe, to find the Side QS. $ 


—2,771587 


» Asthe Sum of the Sides given RS and RQ 591 Pate ———— 


: ; Ts in proportion to their Difference R S and R Q 221—— — nm—_—_— 44392 
So is the Tangent of the Half Sum of the | 


gr. 10,379213 
two oppolite Angles Qand S unknown 5 67 Gegrens 30 Miautes: 12,72360z 


—— 


To the Tangent of: qa ering ms ae 15 


" 41 degrees 50 miny 952018 
Which added to the half Sum —-————67 & _ | feg—9,952 


gives the greater Angle at Q required——109 


I PIERS $a nm es 


oo 
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| Then ſay, AstheSine of the Angle found 109, or 70deg. 50min-— — 9,975233 


—— w— 


Is in proportion to his oppoſite Side RS 406 Paces —— = —2,608526 
So is the Sine of the Angle given at R 45 deg. 20 min, — — =—-9,51997 

To his oppoſite Side required, Q'S 306 Paces fere——— —— —-——1 2,460523 
The Logarithm of the Side required = ———2,485290 

By the Line of Sines and Numbers, to find the third Side. 

Extend the Compaſſes from the Sine of 70 deg, 5o min. to RS 406 Paces ; the ſame 
extent will reach from the Sine of 45 deg. 20min. tothe Side 305. 

Or, Extend the Compaſles from the Sine of 70 deg. 50 min. to the Sine of 45 deg. 
20 min. the ſame Diſtance will reach from 406, to 305 Paces, which is the Length of the 
Side Q'S, which is required. 


CASE V. Three Sides of an Oblique Triangle bring given, to find the Angles. 


M— 


J* this Triangle SQ R, let the three Sides known, 


The Side $S R-—— 406 
The Side S Q 305 
The Side QR — 185 


And it is required to find the three Angles. 


To perform this, you mult firſt let fall a Perpendicular from the Point Q , upon the 
SideRS, which you may doby ſetting one foot of your Compaſles in the Point Q, and 
open the other to the Point R, draw the ArchRE, and divide the ſpace ER, into two 
equal parts 3 and fo the Perpendicular will fall upon the Point B. 


To perform this by Numbers. 


As the greater Side or Baſe SR, 406 — —_— —2,608526 
——_———_— 

To the Sum of the two leſſer Sides 4990 ———— —_ =——2,690196 F 
So is the Difference of theſe two Sides 120 mo——_— 2,0791Sr 
To the.Part SE (cut off by the ArcchR BE) 145 ———— —- 43769377 
2,508526 
2,160851 


This ſubtrated from the whole Line 406, leaves for the part within the Arch 26t 3 
the half thereof is 1301, which is the Place B where the Perpendicular will fall, reckon- 
« from the Angle R ;, and by this Perpendicular you have divided the Triangle into two 
Right Angles, whoſe Sides are known : ForRB being 130-:, ſobtrafted from the whole 
LineS R 406, leaves for the remaining Part 275'. Now. having thoſe two Sides of the 
two Right-angled Triangles; and the two firſt given Sides, 305, and 185, being the two 
Hypothenuſals thereof, you may by the oppoſition of ſides to their Angles, (as in the 7 
Caſe of Right-angled Triangles) find the required Angles. 


By the Line of Sines and Numbers, | 
Extend the Compaſſes from 406 to 490; the ſame Diſtance will reach from 120, to 
143 SE Leagues, the Side required. 
CHAP. V. Of the AﬀedGion of Spherical-Triangles. 


' A Spherical Triangle is deſcribed on the ſurface of the Sphere. 


% 


{A The Sides of a Spherical Triangle, are the Arches of three great Circles of the 
Sphere, mutnally interſeCting each other. A 


- 


$8 
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A great Circle divides the Superficies of the Sphere into two equal parts. 

The Angles of 2 Spherical Triangle, are meaſured by an Arch of a great Circle inter- 
ſeQing the containing Sides at Right Angles, whoſe Pole is the Angular Point. 

T he Som cf the three Sides of a Spherical Triangle are leſs then two Semicircles, 

The Sum of the three Angles of a Spherical Triangle, are greater than two Right An. 
gles and leſs than hx. : 

Spherical Triangles are either Right-angled or Oblique-angled. Dh. 

A Right-angled Spherical Triangle, is that which hath one Right-angle at the leaſt, 

An Oblique- angled Spherical Triangle, is that which bath never a Right-Angle. 

In a Right-angled Spherical Triangle, the two Sides containing the Right Angle are 
called Leggs, and the Side oppofite to the Right Angle the Hypothenuſe. 

In a Right- Angled Spherical Triangle, the Oblique Angles are of the ſame kind with 
their oppoſite Legs : that is, if either of the Legs be a Quadrant, the oppoſite Angle 
is a Right Angle ; if either of the Legs be leſs than a Quadrant, the oppoſite Angle is 
Acute; and if either of the Legs be greater than a Quadrant, the oppoſite. Angle is 
Obtule. | | 

In a Right-angled Spherical Triangle, if both the Legs be of ,one kind, that is both 
greater or both leſs than a Quadrant, the Hypothenuſe is leſs than a Quadrant ; but if 
the Legs be of different kinds, the Hypothenuſe is greater than a Quadrant, and if the 
Legs be Quadrants, the Hypothenuſe is alſo a Quadrant. 

An Oblique-angled Spherical Triangle is either Acute-angled or Obtuſe-angled. 

An Acute-angled Spherical Triangle, is that which hath three Acute Angles. 

An Obtuſe-angled Spherical Triangle, hath all its Angles either Obtuſe or mixt, viz. 
Acute and Obtuſe. | 

The three Sides of an Acute-angled Triangle, areeach of them leſs than Quadrants. 

In Spherical Triangles there are 25 Caſes, 16 in Right-angled Triangles, and 12 ig 
Oblique-angled Triangles. 


CHAP. VI. Containing the potirine of Right-angled Spherical Triangles; 


CASE ]. The Legs given, to find the Hypothenuſe, 


The Proportion. 
As Radius, | 
To the Sine Compl. of one of the Leps, 
So is the Sine Compl. of the other Leg; 
Tothe Sine Compl. of the Hypothenuſe required. 
m— Example. 


/ In the Triangle ABC, there is given, 


py deg. min. 
B 60 07 DOIEOR: 
BC F1 32 f AC required: 
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The Operation. 
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CASE II. The Legs given, to find one of the Oblique Angles, 
The Proportion. 


| nr ———_—_—_— 
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As Radius, 
To the Sine of the adjacent Leg ; 
So is the Tangent of the oppoſite Leg : 

; To the Tangent Compl, of the Angle required. 
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CASE INI, one of the Legs and an adjacent Ang le being prven, to find the dppoſire Lee. 
The Proportion. 
As Radius, 
oTothe Sine of the adjacent Leg : 
So is the Tangent of the adjacent Angle: 
To the Tangent of the Leg fought. 


CASE IV. Onevf the Legs and an adjacent Angle being given, to find the Hypothenaſe. 


The Proportion, 
As Radius, 
To the Sine Compl. of the adjacent Angle; 
So is the Tangent Compl. of the adjacent Leg ; 
To the Tangent Compl. of the Hypothenuſe required. 


CASE V. Oneof the Legs andthe adjacent Angles being given, to find the oppoſite Angle. 


The Proportiop. 
| As Radius, 
To tne Sine Compl of the adjacent Angle ; 
So is the Sine Compl. of the adjacent Side ; 
To the Sine Compl. of the Angle required. 


| The Proportios. 
As Radius, | 
To the Sine Compl. of the given Angle ; 
So is Tangent of the Hypothenuſe ; 

To the Tangent of the Leg required. 


CASE VII. The Hypothenuſe and one of the Oblique Angles being given, to find the Leg op 
poſite to the given Angle. | | 

The Proportion. 

As Radius, 

To the Sine of the Hypothenuſe, 

$ is the Sine of the given Angle ; 

To the Sine of the Leg ſought. 


CASE VIII. The Hypothenuſe and one of the Oblique Angles being geven, to find the other 
Oblique Angle, 
| The Proportiap. 
As Radius, 
To the Sine Compl. of the Hypothenuſe : 
$91s the Tangent of the given Angle ; 
To the Tanzent Compl. of the Angle ſought. 


CASE IX. The Hypothenuſe and one of the Legs given, to find the othey Leg. 


The Proportioft. 
As Radins, © 
To the Sine of the given Leg ; 
$0 is the Sine Compl. of the Hypothenulie ; 
To the Sine Compl. of the Leg. required; 


CASE X. The Hypothenuſe and one of the Leg given, to find the Arglt adjatent to the 
given Leg. 


The Proportion. 
As Radius, ; 
To the Tangent Compl. of the Hypothenuſe 3 
So is the Tangent of the given Leg 3 

To the Signe Compl. of the Angle required. : | 
C : CASE 


CASE VI. The Hypothenuſe and one of the Oblique Angles being given, to find the adjacent Leg. 


90 T rigonometry. Book IL 


CASE XI. The Hypothenuſe and one of the Legs given, to find the Avgle oppoſite to thy 
given Leg. | 


The Proportion. 
As Radius, 
To the Sine Compl. of the Hypothenuſe; 
So is the Sine of the given Leg : 
To the Sine of the Angle required. 


CASE XII. Ooneof the oblique Angles and the oppoſite Leg being given, to find the whe 
Leg ; it being known whether the Leg required be greatet or leſs than Quadrant, 

The Proportion. 

As Radius, | 

To the Tangent Compl. of the given Angle ; 

Sois the Tangent of the given Leg 

To the Sine of the Leg ſought. 


CASE XIII. One of the Oblique Angles and the oppoſite Leg being givep, to find the Hy. 
themiſe ;, ut being known whether the Hypotbenuſe be greater or FF than 4 Quadrant, 
The Proportion. 
As Radins, 
To the Sine Compl. of the given Angle ; 
"So js the Sine of the given Legz 
- To the Sine of the Hypothenuſe required. 


CASE XIV. Oneof the Oblique Angles and the oppoſite Leg being given, to find the otinr 
Angle 7, ut being known whether the Angle ſought be Acute or Obtyſe. 
The Proportion. 
As Radius, 
To the Sine of the given Leg ; 
So is the Sine Compl. of the given Angle z 
To the Sine of the Angle required, 


CASE XV. Thetwo Oblique Angles being given, to find the Hypothenuſe, 


The Proportion, 
As Radius, | 

To the Tangent Compl. of one of the given Angles ; 
So is the Tangent Compl. of the other given Angk , 
To the Sine Compl. of the Hypothenuſe required. 


CASE XVI. The two Oblique Angles being given, to find one of the Legs, 


| The Proportion. 
As Radius, | | 

To the Sine Compl. of one of the given Angles : 
So is Sine Compl, of the other given Angle : 

70 the Sine Compl, of the Leg ſought. 


CHAP. VI. Containing the Doftrine of Oblique-angled Spherical Triangles, 


1. CASE. Two ſides and an Angle oppoſite to one of 
ſite Angle ;, if it be known wherber 


ther being given, to find the ther ove 
the required Angle be Acute "=_= " 


| | The Proportion. 
As the Sine of the given Side, 


To the Sine of the given Angle oppoſite thereto ; 
So 1s the Sine of the other given Side 3 


Tothe Sine of the oppoſite Angle required. 
D Example, In the Triangle ADE there is given 
AED 295 
: 4 - 34 59h D AE required being acute. 
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4 
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Pf, 


The Operation. 


deg.min. , 


As the Sine AD 34 59g ——- A ELL 94758411 
To Sine AE D29 55 = ——G mm ———— —9,699874 
$9 is Sine DE 60 PO mmm nr mmm mn man nmnmnmnnmutmmmnmnnn9,933257 
ToSine DA E 48 g9g———m—m— —— ————— 19,6361; 

9.877720 
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ll. CASE. Two Angles and'a Side oppoſite 10 tne of them being given, To find the other 
oppoſite Side, of i be known, whether it be greater or leſt than a Quadrane. 


The Proportion. 
As the Sine of a given Angle, 

To the Se of the Side oppcſite thereto z 
So 15 the Sine of the other given Angle 
To the Sine of the oppoſite Side required. 


ll. CASE. Two Sides and their comained Angle being given, to find the oppoſite Angler 


- The Proportion. : 


As the Sine.of half the Sum of the two given ſides, 

To the Sine of half their Difference ; 

So is the Tangent Complement of half the contained Angle ; 

To the Tangent of halt the Difference of the oppolite Angles. And 


As the Sine Compl. of half the Suni of the two given ſides, 
To the Sine Complement of half their Difference ; 

So is the Tangent Compl. of half the contained Angle, 

To the Tangent of half the Sum of the oppoſite Angles. 


Then to the half Sumof the oppoſite Angles, add their half difference, the Sum 13 
the greater of the two Angles ſought : And from the half ſum of the oppoſite Angles ſub- 
watt their half difference, the remainder is the leſſer of the oppoſite Angles required. 


IV.CASE. Two Angles nnd the Side between them being given, To find the oppoſite Sid:1. 


The Proportion. 


As the Sine of half- the ſum of the two given Angles, 

To the Sine of half their Difference ; 

So 1s the Tangent of half the S:de between therd 3 

To the Tangent of half the Difference of the oppoſite Sides. And 


\ 


As the Sine Compl. of the half ſum of the two given Angler, 
To the Sine Compl. of half their Difference ; 

So is the Tangent of half the S:zae between them 3 

To the Tangent of half the ſum of the oppoſite S:4es. 


Note, That in the third and foorth Caſes before-going, if the Sum of the two given 

des, or two given Angles exceed 180 deg. then take the Complement of thoſe Sides or 

Angles to 1 80 deg. ſeverally,inſtead of the Sides or Angles given ; and the Angles or Sides 
produced by the Operation, are the Comp. of the Angles or Sides ſought to 180 deg. 


V. CASE. Two Sides and an Angle oppoſite to one of them being given, To find the third Side; 
if it be known whether the Angle oppoſite td the other given Side be Acute or Obtuſe. 


The Proportion. 


| Firſt find the Angle oppoſite to the other given $8:4r, by the firſt Caſe of Oblique- 
Ugled Triangles 3 Then ſay; As 


Ne 
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As the Sine of the Difference of half the oppoſite Angles, 

To the Sine of half the ſum of thoſe Angles , 

So is the Tangent of half the Difference of the two given Sides ; 
To the Tangent of half the Side required. | 


VL CASE. Two Angles and a Side oppoſite to une of them being given, To find the NF 
Angle,if it be known whether the Side oppoſite to the other given Angle be greater or leſ; thay , 
Quadrant. 


The Proportion. 


Firſt find the Side oppoſite to the other given Angle, by the ſecond Caſe of Oblique- 
angled Triangles» Thea ſay. 


As the Sine of half the Difference of the oppoſite Sides, 

To the Sine of half the ſum of thoſe Szdes. 

So is the Tangent of half the Difference of the two given Angles: 
To the Tangent Complement of half the Angle ſought. 


Vil. C ASE. Two Sides and an Angle oppoſite to one of them being given, To find the contain. 
ed Angle; if it be known whether the Angle oppoſite to the other given Side be Acute or Ohtuſe, 


The Proportion. 


Firſt, find an Angle oppoſite to the other given Side, by the firſt Caſe 3 Then ar, 


As the Sine of half the Difference of the two given Sides 

To the Sine of half the ſum of thoſe Sides. 

So 15 the Tangent of half the Difference of the oppoſite Angles 
To the Tangent Complement of half the Angle required. 


VIIL CASE. Two Angles and a Side oppoſite to one of them being given, To find the Interja- 


cent Side ;, if it be known whether the Side oppeſite to the other given Angle, be greartr or liſt 
than a Quadrant. 


Firſt find the S:de oppoſite to the other given Angle, by the 2d Caſe 3 Then ſay, 


As the Sie of half the Difference of the two given Aveles, 
To the Sine of half the ſum of thoſe Angles 1 

So is the Tangent of half the Difference of the oppolite Sides ; 
To the Tangent of half the Sd required. 


IX. CASE. Two Sides andthe contained Angle being given, To find the third Side, 


The Proportion. 


As Radius, 


To the Sine Complement of the contained Angle ; 
So 1s the Tangent of the leſſer Side, 
To the T angent of an Arch. 


If the given Angle be Acute, ſubtra®t this Arch from the greater of the two given Side 


bot if the given 4ngle be Obtuſe, ſubtraCt it from the Complement thereof to 180 deg: 
and note the remainder. Then ſay, 


As the Sine Complement of the Arch found, 

To the Sine Complement of the Remainder 3 _ 
So is the Sine Complement of the leſſer of the contained Sides. 
To the Sine Complement of the Side required. 


X. CASE. Tyo Angics and the interjacent Side being given, To find the third Angle. 
The Proportion. 


As Radius, 
To the Sine Complement of the interjacent Sides, 


Sois the Tangent of the leſſer of the two given Angles; 
To the Tangent of an Arch. 


ae. —_ 
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"If the interjacent Side be greater than aQuadranr, ſubtract the Arch found from the 
ereater of the given Angles, but if it be leſs than a Qaadranr, ſubtratt it from the Com- 
plement of the ſaid Angle to 180 deg, and note the Remainder, Then ſay, 


As the Sine Complement of the Arch found, 

To the Sine Complement of the Remainder ; 
So is the Sine Complement of the leſſer Angle, 
To the Sine Complement of the Angle required. 


X[ CASE. Three Sides given, To find an Angle. | 
To perform this Caſe by the Log arithms, taks the following DireGion. ' 

Firſt ſet down the two Sides containing the required Angle, and then the Side oppoſite 
thereto 3 add the three Sides together, and take che half tum thereof from the balf fam 
of the three Sides 3 ſubtract the Side oppoſite to the Angle required, and ſobſcribe the 
Remainder. Then to the Complement Arithmetical of the Sines of the containing Sides 


2dd the Sines of the half ſum and remainder , half the Sum of theſe four Logarichms, 
s the Sine Complement of half the Angle required. 


XII CASE. Three Angles being given, To find a Side. 


To perfortm this Caſe, take the Complem-nt of the greateſt Angle to 130 deg. which 
iſe inſtead of that Angle, then ſet down the two Angles adjacent to the required Side; 
and then the Angle oppoſite thereto; add theſe three Angles into one ſum, and take the 
half rhereof, from this half Sum ſubtraQt the Angle oppoſite ro the required Side, ard 
ſubſcribe the remainder. Then to the Complement Arithmerical of the Sines of the two 
xdjxcent Angles, add the Sines of the half ſum and remainder; half the ſum of theſe 
four Logarithms, is the Sine Complement of half the Side required. 

Only Note, That if the greateſt Side of the Triangle be required; This Operation 
produces the Complement thereof to 180 deg. 


The End of the Third Book. 


'The Fourth Book. 


CHAP. LF 
Of Sailing by the Plain Chart, and the Uncertainties there 'f. 


HE Art of Navigation, is a Science direfted by many Rules to Steer a Ship 
through the Sea, from the one place to the other ; and may not improperly 
be divided into two Parts ; namely, the Common, and the Artificial Navige- 
tion, | | | 

The Common Navigation requireth the Uſe of no Inſtruments but the Compaſs and 

Sounding-Lead, as chiefly conſiſting in PraCftice and Experience in the knowledge of 

Lands and Points, how they lie, and their Diſtance one from rhe- other, in knowledge 

of Depths and Shoals, and Varieties of Grounds, the Courſe and Settinz of Tides 

upon what Point of the Compaſs the Moon maketh High-Water in each ſeveral place, 
and the like 3 which muſt be known partly by the Information of Skilful Pilots, and 1n- 

{truQions in Books for that purpoſe, bur far better by a Man's own Experience. 

The Artificial Navigation uſeth; beſides the foreſaid Common Pradtice, divers other 
Inſtruments and Rules, which they take from Aſtronomy and Coſmographby. It is there- 
fore needful that thoſe who take charge of any Ship or Vellcl in this part of Naviga- 
tion, be firſt and chiefly well inſtructed in the principal Points of the aforeſaid Arts 5 
that is, know the Order and underſtand the Diviſion of rhe Sphere of the World, and 
the motions of the Heavens ; together with the contiring or making and uſe of Inſtru- 

mene*; 
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ments, as | have ſhewn brictly in the Second Book, For without this Knowledpe it j; 
impoſlible to perform great Voyages by the Sea. In regard this Knowledge may be at- 
tained to, by good Inſtruftion, we have ſet forth the ſame in this Treatiſe, for the be. 
nefit of ſuch yourg Sea-men, as are deſtrous to be Sea-Artilts or Navigators, as Clearly 
and plainly as the brevity of the ſame could permit. | . 

The Defetts and Imperfections of this Art are many ; partly in the Skill or Theaxick, 
partly in the Praftick. : 

After a-long Voyage, the Ship ſuppoſed to be near the Shore, the Commander or 
Maſter requires from his Mates an account of thcir Judgment how the Land or C; 
bears from them, and the Diſtance from it. He that comes neareſt the Truth is ſy 
ſed to have kept the beſt Reckoning. 1 have known ſome, that have ſcarce been able to 
number five Figures, have gone nearer the Trath than the beſt Artiſt in the Ship; bur 
they have been wonderfully miſtaken (to my Knowledge) 1n other Voyages. 

1 went a Voyage to Barbadoes, in the Rainbow, and rook our Reckoning from Lay 
in the Mouth of Severn 3 and in the Ship were twelve PraCtitioners that kept an account; 
eleven of them kept it by the Plain Chart, and my ſelf mace uſe of Mercator or 
Wright's Projetion. When we came 1n the Latitude (which was 400 Leagues from the 
Iland) every Man was ready to give his Judgment of his Diſtance off the Barbadee, 
Bur they all fell wonderfully ſhort of the Truth ; for he that ſhould have had the beſt 
Reckoning, was 309 Leagues ſhort, and moſt of 'all the reſt was 268 and 250 Leapues; 
and he that was accounted an excellent Artiſt aboard the Ship was 240. But by the Reck. 
oning kept by Mercator's Chart, there wanted but three Leagues ſhort of the true Diſ- 
tance of the lſland. | 

In the ſame Ship, going from thence to /Virginsa, they alſo ſell ſhort, by the ſame way 
of Account by the Plain Chart go Leagues the neareft ; and thoſe that were adviſed to 
keep it by Mercator, fcund it to come but 4 or 5 Leagyves ſhort of the Cape of Virgina: 
Bur coming from thence home, they got their Credit again, coming zl! within 3< Leagues | 
of the true Diſtance from the Shore. - | 

But we find that there is near 180 Leagues difference Error, between the Meridian of 
Barbadoes, and Lunday, ard much more in the Diſtance ; -and in ſome Charts about 6:c 
Leagues Error, in the Diſtance between Cape Fortuna, the South Cape of nian. Thee 
Errors may be aſcribed partly to the uncertainty of the Longitude, and partly unto the 
Plain Chart, and Sailing by it, which makes ſome Places nearer than they are, and other 
Places far more diſtant than they are, and ſcituated much out of their true Courſe or 
Rhomb. 

Secondly, Men many times commit great Errors in bad Steerage, and careleſs look: 
ing tothe Compaſs; for I have known many Sea-men when their Trike at Helm hath 
been out, and the Log hove, they have told the Maſter or his Mate, they have ſteer'd 
half a Point a Weather the Courſe ; beſides, the Points of the Needle or Wyers being 
touched by the Load-ſtone, are ſubject to be drawn aſide by the Guns in the Steerage, or 
any Iron near it, and liable to Variation, and do not ſhew the true North and South, 
which ought continually to be obſerved by a good Azimuth Compaſs, (ſuch a one you 
have deſcribed, by which I ſurvey Land in the following Treatiſe :) ſo the Variation 
ought to be carefully allowed. 

I fond 11 Beſides, on Landthere is a difference in the ſame Place, as Gunter in his Obſerva- 
- 3p tions at Limebouſe, for the finding the Variation, found it half a Degree more, and in 
George's, Other Places of the ſame Ground leſs ; and Meri ſaith, he hath found a Degree or two 
and Briſto] difference. This difference at Land muſt needs ſhew the uncertainty we have at Sz 
bring ſour Beſides, many times the Ship is carried away by unknown Currents, which when they 
Mile as. be gy their Ripplings, as alſo ſome by reaſon of Trade-Winds, we fe theni 
in our Journal. | 
4p gh Currents are a means of great miſtakes in keeping of a Reckoning z for Capt. Fox in 
ard differ, his North-Welt Diſcoveries, and the reſt complained much of the faſt Lands of Ice vp- 
5 of E on thoſe Coaſts, thar fo alters the Currend, that in Tome places they cannot make good 
6 0"* their Conrſe they ſteer upon by three Points ; eſpecially in Davis Strezghts, where ſtecr- 
ing E. by S. they ſcarce could make good S: E. by S. which is four Points of the Compals. 

I have alfo perceived a good Current to ſet to-the E, S. E. about the Weſtern Iſland, 
and the Madere's, in ſeveral Voyages I have made to the Weſt- Indies ; but more eſpeci 
ally I have obſerved it in my laſt Voyage to Barbadees. 1 went out of England in Company 
with Capt. Blackzzan, in the Eagle bound to the Exft-/ndies, and a Dutch Ship in his 


Com- 
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Company, and-one of Phmeuth for the Iſle of May: we kept Company toget 

the Maders's but intended not to ſee it that Voyages for we nov. == Fo 
Leagues, and ſome more to the Weſtward of the Meridian of the Madera's : But being 
in the Latitude near it, we efpied the Land ; and being becalm'd, drove with the Currea: 
by the Eaſtern end of the Iſland, betwixt Porto Santo, and the Deſarts or Rocks thatly 
* from that end. I compared Reckoning with moſt aboard each Ship 


that kept a 
and found ſome 30 Leagues to the Weſtward of the [land ; and thereby © fs es 
Voyages made before that way, knew by experience there is a Current ſets 


fron 
the iſland E. S. E. Bcſides ſeveral Ships of Londen and the Weſt-Country ol a 
Saellins inſtanceth, That one of good repute, ſailing out of Hollend, miſt it twice. 

How we keep our Reckoning. The firſt and moſt nſeſul Queſtion in Navigation, is this ; 
By the knowledge of the Rhomb or Courſe you ſailed upon, and the Diſtance of Miles or 
Leagues that you ſailed thereon, to know your difference of Latitude and Longitude (that 
is, how much you are Northerly or Southerly ia reſpect of Laticude, or Eaſterly or 
Weſterly in reſpect of Longitude.) This is the moſt ordinary manner of keeping of 
Account by moſt Maſters and Mates, of the Ships Way; which is called the Dead 
Reckoning. 

And to keep this account, firſt you ſce, That the knowledge of the Rkomb they ſailed, 
s always ſuppoſed ro be had off the Log-Board, ſuppoſing the Compaſs by which we 
ſteer, either doth, or ſhould ſhew the ſame exaQtly ; and ſo you have the Diſtance in 
Miles and Leagues, put dowa every balf Watch upon the Log: Boards. Therefore we 
- mill firſt queſtion, and reſolve it by the Traverſe-Table followiny, and alſo by the Tra- 

rerſe-Scale in the fifth Chapter of the ſecond Book. (I have ſhew'd it by the Synical 
Quadrant already in the hxth Chapter of the ſecond Book.) And we will reſolve it al- 
ſo by the Artificial Sines and Tangents on the Ruler, and the Tables of Logarithms. 


But know this, never any ſteer'd at Sea, nearer than to half a Point 3 and that there are - 


$0 Halis nor Quarters marked on the Compaſs Chart. 
The firſt Propoſutzon. Queſtions of Sailing by the Plain Sea Chart. 
l. Suling 57 Leagues upon the fifth Khomb, How much ſhall 1 alter my Parallel of Latitude ? 


HE Angle that any Point makes with the Meridian, we call the Rhomb , but the 

Anglethat it makes with any Parallcl, is called the Complement of the Rhomb. 

Unto every Point of the Compaſs there anſwers 11 deg. 15 min. therefore the 5th 

Rhomb from the Meridian makes Angles therewith of 56 deg. 15 min. namely, S. W. 

by W. S. E. by E. N. W. by W. N. E.by E. whoſe Complement, 33 deg. 45 min. is 
the Angle of the ſame Rhomb with every Parallel. 


Admit I ſail from A to D, S. W, by W. 57 Leagues, 1 demand the difference of Latitude E A: 


Firſt, by the following Traverſe- 
Table, at the Head of the Table, 44 
orer every Column, is put the Fi- F OK 
k 


fire of the Halfs, Quarters, and 
the Points of the Compaſs, and in 
one of the Columns over head is N. 
S. and at the Foot E.W. and fois 
tumbred at the Head, from the left 
band to the right, N.S. ſtands for 
Northing, Then the Rhombs ate 
reckoned at the bottom, from the 
tight hand back again; the Margent 
of the Tables ſhew the Leagues ſail- 
ed; and over E. W. or under E. W. : 
ws how much you bave ſailed Eaſt or Weſt from the Meridian N. $' ſheyrs North of 
South from the Latitude you came from. : | 
At inthis Example. The Diſtance ſailed is 57 Leagves on the 5th Rhomb;z therefore 
Tainſt Diſtance ſailed, in the Side 57 Leagues, and in the Common Angle or Line of 
eeting, I find 31. 67 over N.S. in the Foot; andin the next Column, over E. W. is. 
47-39, as you ſee in the Table : So that the Difference of Latitude 1s 31 Leagues and 
73: Parts of a League, And if it were required to find the Departure, yoo ſee it to be 
47 Leagnes and +! Parts. This is yery plain and eaſy, you need no farth6r Tenge. | 
. , 


JI Too 
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By the Tr aver ſe-Scale. 


Extend the Compaſſes in the Line of Numbers, from the end of the Line marked 
North South 57, the ſame Diſtance will reach from 5 Points to 31, and about <1 in the 
Line of Numbers. | . 
By the Artificial Sines and Numbers on the Ruler. 


Extend the Compaſſes from Sine go deg. to 57 on the Line of Numbers ; the ſame Dj- 
ſtance will reach from the Sine Complement of the Rhomb, to the Difference of Latitude. 


By the T ables of Artificial Sines and Numbers by the 4th Caſe of Plain Right- angled Triwyle. 
As the Radius, or the Sine of go deg. ———— ——— m—— 10.c00:00 


— 


Is to the Diſtance run 57 Leagues A D = armada | 
So is the Sine Compl. of the Rhomb at the Angle D. 33 deg. 45 min-- 9.744739 


——— — 


To the Difference of Latitude required A E 31 Leagues +7 — — 1.500614 


In like manner you may find the Diff. of Lat. for any Diſtznce run upon any Point 
of the Compaſs. 


Il. Sailing 57 Leagues upon the firſt Rhomb, How far am I departed from the Meridian of th 
Place from nhence 1 came? 


By the Traverſe-Table. 


This Queſtion was anſwered in the laſt Example, and found vver E. W. to be 47 
Leagves and ;:?, In like manner you may find the Diff. of Lat. and Departure fromthe 


Meridian, for any Diſtance run upon any Point of the Compaſs, which is the uſe of 
that Table. 


By the Traverſe Scale, 


Extend the Compaſſes from the end of the Line marked Eaſt, Weſt,to the Diſtance rm 
57 Leagues, then put one Point of the Compaſs on 5 Polnts, in the Line of Eaſt and \Welt 
of the Scale, and the other will reach to the Departure from the Meridian 45 Leagues {+ 


Parts. 
By the Tables of Sines and Numbers, by the third C aſe of Plain Right- angled Triangler. 


As the Radius or Sine of 90 deg. —————— 


_—_ —_— 0000000 


> ——_— 


Is to the Diſtance run, 57 Leagues AD — 1.755975 
So is the Sine of the Rhomb 56 deg. 15 min. the Angle at A———-— 9.919846 


| —— —— 


To the Departure from the Meridian to 473! ? E D _ — 1.675721 
By the Artificial Lines on the Ruler. 


Extend the Compaſſes from 90 deg. to 57, the ſame Diſtance will reach from the Sine 
$6deg. 15 min. to 47 +! Leagues. Or Extend the Compaſſes from Sine go, to Sine 56 deg. 
15 min. the ſame Diſtance will reach from 57 Leagues, to 47 £?, as before. - 


Ill. Sailing upon the fifth Rhomb, until T alter my Latitude 31:52 Leagues, 1 demand bod 
far I bave ſailed ? 


A S ſailing from A to D, S.W. by W. till the Difference of Latitude be 31 Leagues 
75-7, 1 demand the diſtance run A D. 


Firſt, 
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Firſt, By the Traverſe Table, look 
in the Foot of the Table for the 5th 44 
Rhomb, and over N.S. in that Co- 4 7 300 -D 
lymn. look for 31 Leagues, 5?, and 
in, the Common Angle of Meeting, 
to the left hand, under Diſtance ſail. 
ed, you will find Diſtance Sailed 57 
Leagues required. 


By the Line of Sines and Numbers. 


Extend the Compaſſes from the 
Complement - Sine 33 dep. 45, to 
31-- the Difference of Latitude ; 
the ſame extent will reach from Sine 
go deg. to 57 Leagues. | 

Or, Extend the Compaſſes ſrom Sine 33 deg, 45 min. to Sine 90; the ſame Diſtance 
will reach from 3 1 ©] Leagues, to 57 Leagues, the Diſtance AD, as before. 


By the Legarithms, Say by the ſecond Caſe in Plain Right-angled Triangles. 
As the Sine Compl. of the Rhomb, 33 deg, 45 —— Tmmemmmemnmnan=— 9.744739 


Nr 


Is to the Difference of Latitude 31:5? Leagues — 1.500643 
$0 is the Sine of 90 deg. or Radius St — = — 10.000009 
To the Diſtance run AD 57 Leagues ——-— > 1.755909 


IV. Sailing upon the fifth Rhomb, wntil I bave altered my Latitude 31 -*! or 1 dep. 35 min, 
How much am I aeparted from my firſt Meridian ? 


A*® Sailing from A to D, S. W. by W. till the Difference of Latitude AE be 31+*: 
Leagues, I require B C my Departure from my Meridian: 


By the Traverſe Table. by = 
' Asin the laſt Caſe, find 31+%7 Leagues, over the fifth Rhomb, and in the next Co- 
lumn to the left hand, over E. W, is 47+? ? Leagues the Departure required. 


| By the Line of Sines and Numbers. 


Extend the Compaſſes from the Complement Sine of the Rhomb, to 33 dee. 45, to3 1 
_ 147 the Leagues ; the ſame Diſtance will reach from Sine 56 deg. 15 mio. the Rhomb, td 
' 47: Leagues, the Departure from the Meridian. | 


By the firſt Caſe of Plain Right- angled Triangles. 


As Radius - —— po ono 10.C00000 
 Tothe Difference of Laticude AE 31:57 ow" AGD 
So is the Tangent of the Rhomb 56 deg. 15 ——- _— 10.175107 


—c 


Ta the Departure from the Meridian 47+! Leagues — — ——1.6 75755 


V. Sailing upon ſome Rhomb between the South and the Weſt 57 Leagues, and finding 1 have 
altered my Latitude 317; Leagues, I demand upon what Point I have Sailed ? 


Dmit I bad ſailed from A to D (being a Rhomb between the W. and S.) 57 Leagues, 
and then find the Difference of Latitude 31+ 7 Leagues, | demand the Angle DAE: 


By the Traverſe-Table. 


Apainſt 57 Leagues in the Column of Diſtance ſailed, and in that Line or Common- 
Angle of Meeting, you muſt find the Difference of Latitude 31 ;{ Leagues, which will 
over the fifrh Rhomb, which was required, 


E © Bj 
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By the Line of Sines and Numbers on the Seale, 


nd the Compaſſes from the Diſtance run 57 Leagues, to the Sine of $0 3 the ſame 
Diſtance wall Sack from the Difference of Latitude, to the Sine-Compl. of the Rhogh 
7. 45 Min. Rs 
T”—_ __ the Compalles from 57 Leagues the Diſtance, to 317, the differenceef 
Latitude ; the ſame diſtance will reach from the Sine of 90, to the Sine of 33 dep. 45 
min, the Compl. Rhomb. 


By the Logarithms. As the diſtareg on the Rhomb AC 57 Leagues—-—— 1.75587; 
Is to the Difference of Latitude 31-7 Leagues A B-— ——1, $c0643 
So is the Sine of godeg. _ ARS TT EL 10006006 
To the Sine Com 1. of the Rhomb 33 deg. 45 min. the Sum ——; 1.500649 
he firſt Number ſubtract — mmm 17557; 


EI. —— 
— 


The Sine of the Angle AD E-—-— 9.74487; 


The Sine Compl. of the Rhomb 33 dep. 45, ſubtratted from 90 deg. there remaic; 
the Angle of the Rhomb 56 deg. 15 min. which is five Points, namely S. W, by W, 


VI. Sailing upon ſome Rhomb between the $, and the W, 57 Leagues, and finding 1 bave alt 
my Latitude 31:7 Leagues, I demand my Departure from my firjt Meridian ? 


By the Traverſe-Table. 


Gainſt 57 Leagues in the Column of Diſtance Sailed, and in that Line or Anglecf 


. Meeting : find 3115: Leagues, and in the Column to the left hand you will hare 
47--:2? the Departure from the Meridian. 


Diſtance run A C 57 Leagues Sum 88-.. Leagues dE SN AIGRDGR 1.947777 
Diff. of Lat. A B 31:57 Leagues Remain 257. Leagues ——— —- 1. 4c3635 


—  _———_ 


3-351412 


Departure from the Meridian B C 47+! ? Leagues — ——1.675706 


——— 


Which is thus done. To the Dift2nce run, add the Difference of Latitude, and alſo 
ſubtract it from the ſame, noting the Sum and Remainder 3 then add together the Loy. 


of this Sum and Remain, and half that Sum is the Log. of the Departure fromthe 
firſt Meridian. 


CHAP. IL 


What muſt be obſerved by all that kgeep account of a Ships Way at Sca;, and to find the tri 
Point of the Ship at any time, according to the Plain Chart. 


|| Might have farther inlarged and multiplied Queſtions, but that I think theſe ſufficient - 
for any uſe at preſent ; and therefore | will be brief, and come to the moſt material 
Buſineſs, (viz. ) 
The whole Prattice of the Ars of Navigation, in keeping of a right reckoning, con- 
fiſts chiefly of three Members or Branches. 

Firſt, In a well experienced Judgment, in eſtimating the Ship's Way or Diſtance 
Sailed upon every Sbift of Wind. | 

Secondly, 1n duly eſtimating the Courſe or Point of the Compaſs on which the Ship 


hath w_ her way good ; allowing for Lee-way Currents, and the Variation of the 
Compals. | | | 

Thirdly, Thediligent taking all Opportunities of due obſerving the Latitude. 

The Reckoning ariſing out of the two firſt Branches, we call our Dead Reckoning 
and of theſe three Branches there ought to be ſuch an Harmony and Agreement,that any 
two being given, a third may be found with Truth. | 

As, Having the Courſe and Diſtance, to find the Latitude of the Ships Place. 

Or, By the Courſe and Difference of Latitude, to find the Diſtance. 


 'Or, by the Difference of Latitude and Diſtance to find the Courſe. 


” 
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But in the midſt of fo many uncertainties that daily occar in the Praftice of Naviga- 
:iony a joint Conſent in theſe three Particulars, is bardly to be expetted ; and when an 
Error ariſeth, the ſole Remedy to be truſted to, is the Obſervation of the Latitude, and 
how to reCtifie the Reckoning by the obſerved Latitude, we ſhall ſhew hereafter. 


7 mt But firſt of all it is moſt neceſ- 
————| ſary to ſhew bow we do keep our 


4 LOG-BOARD. 


Hows. | Comrſe. go Half \Fath, | Wind. | Reckoning at Sea, by the Log- 
| | Knots. | __| Board, and take an account in 
"2 TAESY | - ' : | NN, | Fournal. | 
— 27 End we AG in the Log-Board, The firſt 
LA SS Wei .- - 4 Column is for Time. 
6:2 E. b. N. 9 N.b.W. The ſecond for theShipsCourſe 
3 hETE!S | N. W. | Li, _ = the Knots. 
— 7 155 INE ao Ven IIS i226 © 5" e fourth for the Half-Knots, 
Wirth? 26-10 And BH, _ LES B. | The fifth for the Fathoms 
| 12 | W.N, W | 9 N.E. | The ſixth is to put down the 
« FRESES 18 D 1 | WR, and thereby to give al- 
—_ {— "aps ar" — lowanceto your Courſe, accor- 
BM. oo. W..|_? > Lo Sh ding to the Lee-way you have 
6 |S.W.b.S. | 6 | E.S. E.| made by taking in or having out 
"4g _ 3) ER MM & * more Sail. 
TR | —,r:r| The ltalian Mile by which we 
Fe te dg |__S ORs Mes 3 [$0 Gr S7 reckon at Sea, contains 1000 
|_I2 S. E. 3:9. S.bW2W. Paces, andeach Pace 5 Foot, and 


Pry every Foot 12 Inches; the 120 
pre that Mile is 41* Feet, and ſo much is the ſpace between the Knots upon the 
og-line : So many Knots as the Ship runs in half a min. ſo many Miles ſhe Saileth in an 
hour; or ſo many Leagues and ſo many Miles ſhe runneth in a Watch, which is four 
hours, the time in which half the Company belonging to the Ship watch by turns. 
Example. Nine Knots in half a min. is nine Miles in an hour, which is nine Leagues 
and nine Miles in a Watch, that is 12 Leagues or 25 Miles every Noon, after the Ma- 
ſter and Mates have obſerved the Sun's Altitude, (if fair Weather) they take the Rec- 
koning from the Log-board, and double the Knots run, which is the Number of Miles 
run vpon any Courſe. 
We throw the Log every two hours, and we never expreſs the Courle ſteeted nearet 
than half a Point of the Compal. | | 
Norwood gives full ſatisfaftion in his Seaman's Pradice, by his owti Experience, 
That in our ordinary PraQtice at Sea, we cannot, if we will yield Truth the Conqueſt, 
allow leſs than 360000 of our Engliſh Feet to yary one deg. of Latitudein ſailing N. or S. 
under any Meridian. According to this Meaſure, there will be in a deg, 63; of Miles 
bf our Statute-Meaſure, each Mile 5 280 Feet, and by the common Sea-meaſure 5000 
Feet to a Mile, there will be 72 Miles, or 24 Leagnes in a deg. which we will take for 
Truth. Now if you would bave ſhewn the Miles of a troe deg, allowing 60 to a deg. the 
Niles-muſt be enlarged proportiorably, and the diſtance between every one ofthe K nots 
maſt be 5o Foot,and as many of theſe as run out in half a m. ſo many miles or m. the Ship 
faileth in an hour ; and for every 5 Foot more, you muſt allow the 10th part of a mile. 
Sailing between any two Places,and uſing a Log-line that hath a Knot at every 7 Fathoms, 
and to reduce it into ſuch miles 6o to a deg. each containing 6920 Feet, the Propottion 
in 2umber of theſe two is this; as 6to 5; for 6 Knots of 6 Fathoms-}, make 5 of 8; 
Fathoms, or 5o Feet. Admita Man keeps a reckoning of his Ship by a Loz-line of 6 
Fathom - and by it find the diſtance of two Places 1524 miles, or 508 Leagnes, and 
would know the diftance by a Log-line of 50 Feet to a Knot, or 60c0 Feet to a mile. 
Say then by the Rule of Proportions as 6 is to 5 : Solis 1524 to 1270 miles. | 
' Next we will work the Courſes of the Log-board, and by it find the difference of La- 
Utude and departure from the firſt Meridian. | | Ie. 
A Ship being in the Lat. of 47 deg. 30 min. North, and Longitude 00 deg; the Contfes 
of the Log-board are S. E b. S. 16 miles, and $.3. W. 13 miles, E. b. N. 18 miles, and 
N.b.E.* E. 16 miles, N., N. W, 4 W. 15 miles, and W. N. W. 18 miles, aadsS.E. b. 
S. 18 miles, and S. S. W. 15 miles,S. W. b. S 12 miles, and S. W.18 miles, S. E. 18 mtles 
by the Wind, which are W.S. W. and E. S. E. the Ship tad? 1 4 Points aftd 2 balf Lee 
may on the two laſt Cotirfes, T4 


_—_— 
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To find the difference of Latitude and Departure from the Meridian this 24 bour, on 
There are ſeveral ways to work Traverſes 3 but the readieſt is by the Traverſe.Scale, 


6r the following Table ; 1 ſhall work the former Traverſe by the Tables followj 
and you at leaſure may work it by the Traverſe-Scale,and find the near agreement of both, 


| North. South. | Eaſt. | Weſt, You muſt put down theCourſs 
| Courſe by |Miles => Þ > y = 0 > Bw made good upon each Point of 
| Dompaſs, \ſaild % 3|B 28] 2,F $| the Compaſs, and Number of 
p,: NIP. 1 OT — _E on = 
mpegy—"<pr" 5" Oe” mms —_ —  — mr rotag nn E a: tne -DOAard > 2 Ma 
|S. E. b.S. 1-2. EIS i Te wn | ther "edges and mark tes 
S.S.W. | 13 9 124 _97] with North, South, Eaſt, Weſt, 
"EN "1s 6s 7 6 way ag" _ have _ In 
— A en EET is Table: Then according to 
N.h EE. 16 ow! Rev TSP; 5] the Rhombs look in the Table 
N.N.W.; W+ 15 [13 x. _'07 07] following for the Point, Half, oc 
W.N. W. | 18 los to CE, WS 0 ou _— and the hay ry 
—_— — ——-  mleor Leagnes in the righs- 
| S£:d.& [98] - 14 970 oo __| 120d or lefiband Colon, md 
S. S. W, ' 15 Bhat 13 86] _©5 74] put down thedifference of Late 
—T.Whs 12 | O9 98 « = me pom og- oy the 
—_—— —— {—-|----- North or South, Eaſt or Wet 
W. ane (—— os of zi6 _63| Columns, according to the fol- 
|; ESE. 118 O06 B8gh16 63 | lowing Direftions. Examp. The 
Sow | 38 9477 90157 8157 71| firſt Courſe failed is three Points 
Subtraft lraft 38 9457 71} from the Meridian ; namely, $. 
| Remains diff. Latitude, 38 96109 1 Depart ED. S, urder that Column I 


REAL Os | ount 1 

| The Latitude the Ship 1$1n 15 46 dcp. 51 min. | x paint rar ary" 
| 8,52 miles Eaſting, becauſe the 
Courſe is South Eaſterly. I put it down in the Table in ics place,i3. 3o under South,s. 8g 
under Eaſt. *In the like manner you do by the relt. Likewiſe the laſt Courſe is E. SE. 
that is 6 from the South ; therefore I reckon them in the foot of the Table, and right 
againſt 18 I find 06. 89 Southward, and 16. 63 Eaſtward, which you may put down 
as | have done in the Table.. In the like manner you muſt do if your Courſe were North» 
weſting. This'is ſo plain it needs no farther Precept. Then add up the Sums in the North, 
South, Eaſt and Weſt Columns,and ſubtratt the leſſer ont of the greater,the remainder is 
the difference of Latitude and Departure:As that I find the Ship hath gone but 38-?5 miles 
to the Southward, and the Latitude ſhe now is in is 46 deg. 51 min. and the Eaſtward but 


2 parts of a mile : Therefore her Courſe is near South. 
CHAP. Ill. A Formal and Exad way of ſetting down and perfefiing a Sea-Reckoning, 


The Rule. of keeping a perfeR wavy oat ie, beſt ſet down in particular after the general true Sea- 
Chart, in Chap. 17. of Great-Circle-oailing. 
TP lis being the moſt neceſſary Rule in this Art of Navigarion, How to keep an exact Reckor- 
ing: Although the Courſe and Diſtance cannor be fo rruly-ond certainly known as the Lat- 
rude may be ; yer we muſt endeayour in rhe theſe alfo ro come as near the Truth as be; the rather, 
for that ſome Reckonings muſt neceſſarily depend wholly upon rhem. Therefore we come now to 
thew an Orderly and Exact way of framing and keeping a Reckoning ar Sea ; for which purpoſe 
have inferred this Table following,which thewerh how much a Ship is more Norrherly or Souther- 
ly, and how much Eafterly or Weſterly, by Sailing upon any Point or Quarter-point of the 
Compal any diſtance or number of Miles or Leagues propoſed. | 
Note, If the diſtance failed exceed 100 Miles or Leagues, you muſt enter the Table twice 0: 
oftner ; as inthe following Ezample, Suppoſe a Ship fails away South, half a Point Wefterly 
173 Leagucs or Miles ; we ſer dawn this Number thus, 


Coiaſe Diſtance.” Southing.:WeSiing. Look inro the firſt Column for rhe holf Point, and then in 
South ico | g9sl | 980 | the third Column you may fee 990 ; alſo againſt 70, rhere 15 
; Pant Wy ' 70 | 6966 | 686 | gog6, andin the ſecond 686; and in the rhird againſt 3 in the 
SH \3...7 298 | 29 | firſt Column is 298, in the ſecond is +22. 

| Leagues. | _ 173 | 19215 | 1695 Theſe ſammed_ up as in the Table, ſhews thar the Ship 


ſailing upon the firſt half Point from rhe Meridian, namely 
S. 4 V. is rothe Southwards of the Place ſhe departed 172 +45 Leagues or Miles, and ro the 
Weltward 16 Leagues and 525. | ' | A 


A Traverſe-Table for every Point, Haif Point, and ©aarter- Pant of the C ompaſe, to 
the 100 part of a League &r Alile; which gives the Diff. of Lat. and Depar. from the) YOLI 
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Another Example 7 will give of a ſuppeſed Reckoning between Lundy and Barbadoes. 


ſe a Ship ſail from the Iſland of 'Zundy, in Latitude 51 deg. 22 min. North 

ud 25 deg} 52 min; towards the Illand of Barbadoes, in tink 13 peg elem rr 

pgitude 332 deg 57 min.By the Plam Chor Difference of Latitude is 76 Leaves, 
and Longitude af pry and I {ail theſe ſeyeral Conrſes, (viz) S. 5. W.hatf W 
from A to B 409 Leagues, S. W. b.S. half W. 125 Leagnes, and S. W. igz1/ 
andS. W. b. W. half Weſterly 190 Leagues 3 W. S. W. 146 Leagues, and W: 
Leagnes. All theſe Coorfes and Diſtances I ſet down as followeth. 
js expreſſed the Days of the Month > the ſecond, the Day of the W 
Courſe ſailed ; the'fourth, the Diſtance from'the Meridian z the fifth, the 
of each Point Courſe by Letrers 3 rhe ſixth, the Diſtance failed ; the ſeventh, * 
rinch, aod tenth, the Northing, Southing;'Eaſting, and Weſting, which is the" 
rence of Latitude and Departure from the Meridian ia Leagues and tenth parts ; the 
eleventh Column is the Latitude ; rhetwelfth, the Longitude. 
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Noe, Whin we ſet ſail, we put dewn the Day of the. Month and Week, the direct - 
Courſe to thePort we are bound to, and the Place marked. with two Letters, as in this 
Table, A for Lundy,and K for Berbedees 3 and alſo under Diſtance,the number of Leagues 
upon a ſtrait Corcſe ;, and-upder Nortbing or Southing, the Difference of Latitade in 
Leagues and tentd. parts; and under Eaſting and Weſting, the Departure in Leagues 5 
and under Latitude, the Laticade of the two Places; and under Longitude, the Longis 
tude of the two Places 3 which you, may ſeein, the Head-of the Table, againſt the'2 x 
of April. Now if you would ſet down this Reckoning on the Plain Chats, cake theſe 
following DireCtions ; and firſt how.to deſcribe the Plain Chire, | 
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The Plaine Sea Chart. : 
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The Plain Sea-Chart, and bow to mate i, Book I 
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Mute A STS, of what length.and breadth you pleaſe, 


4 o 
{ 
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M as many equal parts repreſenting d rees, as Your 


cal Squares, each of which 


fir, and deg. into 6 
needs no foeker Femns 


the fixth to G, 
fo nog mb gag 
lay LAS, upos the Line A B, : 
taken from the Chart) from A to B, 
then lay the ed AS, np! ok lay off 


, * * - g ces 
_ pong w_ the reſt, till you come to G, which is the place Oe I 
y<ar wer on. But the place where the Ship is at any time, may be be more eaſy 
- way Ba help of the Table preceding, cohtaining the Reckoning between Lundy 
the Sarbadorr, In the ſaid Table you have the 6 and Lovgicude the Ship is in 
every 


y make the Frimary Mes... 
Meridian of Lundy, and. 


Chap. IV. How to Correthe Dead-Reckoning. 
e at Noon ſo that the 24th Day the Ship is in the Lat. 13 d. 13. m. Norther- 
on othe Longitude of 34d. = Therefore ſetting your Compaſlles in the Longj- 
tude of Landy, extend the other ; to 342 d. 43 m. then ſetting one Point of your 
Compaſſes in the Latitude 13d. 13 m. in the Meridian, paſling through Landy, with the 
former extent, place the other Point parallel to an Eaſtand Weſt Line, that Point of the 
es ſhall ſhew the Place where the Ship is, which is G z whereby you will find the 
Barhadees to bear Welt, and to be diſtant 182 Leagues or 9 Degrees. 


CHAP. Iv. 
To Correll the Account, when the Dead Latitude differ: from the Olfihved Latitude: 


E come now to make good what was R—_s in the Second Chapter, to pre- 
ſcribe four Precepts for correCting a ſingle Courſe. 
[ ſhall be brief, following Collins, bis Mariners Plain Scale, who hath imitated Adwtins 
i theſe Examples, ru ; 
Rwle I. If a Ship ſail under the Meridian, if the difference of the Latitude be leſs by 

Eſtimation, than ic is by Obſervation, the Ship's Place muſt be corre&ed and en 

- under the Meridian g and the Error 13 tobe 7" 4" either to the Judgment in eſtimatin 
the diſtance run, in making it too littlez or if the ſaid diſtance be well eſtimated wi 
zood Judgment; it is to be ſuppoſed you ſtem ſome Current. 

Admit a Ship ſail from A, in the Latitude of 36 deg. directly South, 50 nn of 
3 deg. 30 min. by Eſtimation, and ſo is at B, in the Latitude 32, 30, but by 
tions he is in the Latitude 32 deg, The Reckoning re&ified, the Ship's Place is in the Point 

C; but if the difference of Latirnde be more by Eſtimation, than it is by Obſervation. 
In this Caſe, the diſtance is to be ſhortned,and the Correftion muſt be made according to 
the Latitode obſerved under the Meridian. | 

Admit a Ship ſail South from A, in the Latitude 36 deg. until ſhe have altered her La- 
titade 3 deg, 30 min. by Eſtimation being at B, in Latitude 32d. 30m. and if the ob- 
fred Latitude be 33 d. oom. the Ship's Place correQed is at E, and not at B. 

Rule II. eng 26 CrrEns If the Ship ſail within 5 Points of the Meridian, and 
the Dead Latitude from the Obſerved Latirude, the Error is in misjudging the di- 
ſtance run, which is to be made longer or ſhorter as the Caſe requires. 

Admit a Ship ſail from A, $. S. E. 7 Eaſterly 70 Leagues, and is by Eſtimation at Pia 
the Latitude of 33 deg. but if the obſerved Latitude be 32 deg, 30 Wilt. adwic at B, then 
iLine drawn through B, parallel to N A, crolleth the Line of the Ship's Courſe at Q, 

- Fhich is the correted Point where the Ship is: So that the diſtance is calarged 11 
| Leagues :$, the whole diſtance A Q is 81 Leagues +5. [ 

.. The ame manner, If bel ied ne Lampe the ſame Oburſe, and by Eſfti- 
mation were at the Point R, in the Parallel of 32 deg. and by Obſervation the Latitude 
vere found tobe 32 deg. 30 min. ln this Caſe the Ship's diſtance is be ſhortned, by draw- 
ig the aforeſaid Line B Q parallel to N A 3 and it will croſs the Line of the Ship's Courſe 
a Q, the corrected Point where the $hip is. 

Rals 111. Suppoſe there is ſome Cur- 


reat;f the Ship ſail E.orW,but you can owe? —  — 
Latitude and Log-d 


iſtance, as both B 
true; then the Error may be unputed | Q\- anne nndecnrecencce 2, 
to the Rhomb, which alters by reaſon 


of the ſuppoſed Current, Then retain __ E 33 
be obſerved difference of Latitude, | = 

wd diſtance, and thereby find the De- \ bE-* 
patture from the Meridian, by draw- | Es 


a new Rhomb-Line. But if your TM — 
would allot the Error to the + 
liſtance, only keep the obſerved diffe- | | -. 


rence of Latitude : And the Courſe the M | V 
as was by the Dead-Reckoning. +. OOTY doeo de nendegenemene5eccce Ne 35] 
J 69 oebs to- Þ_*—>--.D; SH-. 
Wde of 36 deg. from Ato M, and by F pe ay... x £4 
Dead-Reckoning ſhould be in the Latis N [CSM 
ude of 35 deg; If the obſerved Lati- L "Þ A 
- 


” 
__ 


Go VP 
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c 16 Fo alow for known Currents. Book IV. 


——_ 


OR 


-rode be 35 deg, 30 min, which isat S; in this Caſe, if the Error be wholly imPnted tg 


-the diſtance, the Line S X being drawn parallel to N A, would cut off or ſhorten th; 


-diſtance-as much as'rhe Meaſure M X, which is 23 Leagues, which becauſe ir ſeems ah. 
Furd and improbable, is not to be admitted of: Wherefore imputing the Error to the 
Khomb only,with-the extent A M, deſcribe an Arch as at F. and extend the Parall] 
til] ic paſs throygh the ſaid Arch at F, then the Courſe is upon the Line A F, whics 
E. b. S. differing half a Point from the Courſe ſteered. 

Rule IV. If a Ship ſail E.'or W. and the Dead and Obſerved Latitude do agree, the 
Reckoning cannot be corrected bur if they differ,impute the Error partly to the Rhomh 
and partly to-thaPiſtance 3 and ſo corre your Reckoning according to diſcretion, 


By the Traverſe-Scale. 


«- Extend the Compaſlles from 160, to the diſtance Sailed ; the ſame extent will reach 
from the Difference of Latitude by Obſcrvatio'!, to the true Courle: Sn that you may 
ida Moment do all theſe Qneſtions and Caſes by the Traverſe-Scale, ar Line of Num- 
bers and Artificial Points and Quarters thereon, If you have but the perte.t Uſe of it, 
1know there is no Inſtrument whatſoever more ready to reſolve any uſetul Queſtion, 
and; correct your Reckoning. 

Laſtly, If by frequent Obſervation you find the Ship is ſtill carried from the Eaſtor 
Weſtz: cither Northward or Southward, you may conclude ſome Current to bs: the cauſe 
thereof : Keep the Diſtance by Dead-Reckoning and Obſervation, and the Difference is . 
the Diſtance from the Parallel. We will not multiply roo many Examples, but rather 
adviſe the Ingenious to make uſe of ſuch as his need ſhall r<quire 3 for underſtanding 
what hath been ſaid,. will be advantagions to the Practicionec. 


| CHAP. V. 
How to allow for known Carrents, in Eſtimating the Ship's Courſe and Diſtance. 


His hath been largely handled by Norwood, in his Seaman's Praftice ;, and by Phillis, 
'-& -asalſo how to find them out by comparing the Reckor.ing homeward with thes 
Reckoning outward, which was kept betwixt two Places : I ſhall be brief, znd work by 
Scale and Compaſs, what they have done by Tables. 

Firſt, This 1s eaſie to be underſtood, if you fail againſt a Current, if it be (wiſer 
than the Ships way, you falla ſtern ; butif it be ſlower, you get on Head ſo much asis 
the Difference between the way of the Ship, and rhe race of the Current. 

Example. If a Ship ſail $ miles South in an bour, by Log or Eſtimation, apaicſta 
Current that ſets North 3 mites in an hour, that ſubtrated from 8, leaves 5 m le an 
hour the Ship goes a'Head South :but if che Ships way were 3 mile- an hour South,agrinlt 
a Current that ſets 8 miles an hour North, the Ship would fall a Stern 5 milzs an tour, 

- South 8 miles z Current 3 miles z Goes a Head 5 miles South. 


VW . Loh Admit a Ship runs a Head 4 miles an hour, 
| | L1. and the Current runs Eaſt alſo 3 miles an 
hour, What is the true motion of the Ship? 
£inſwer, Seven miles an hour a Head. 
Current 8 miles ; Ships Way 3 miles ; Falls 


a Stern 5 miles. 

Admit a Ship croſs a Current that ſets N. E 
by N. 4 miles a1 hour, the Ship fails in 2 
Watch, or 4 hours, 9 Leagues E. by N. and 
in two Watches more ſhe ſails 13 Leagnes 
E. N. E. by the Compaſs. Now it is requit- 
ed to find what Courſe and Diſtance the Ship 
hath made her Way good from the firſt place 
of ſetting out from A. 

Firſt draw the Right Line AL, then with 
the Chord of 60 deg. deſcribe the Quadrant 
7. on it; Take 90 deg. of the Line of Chords, 
of NW. and lay it from N to O; then draw the North 

——— mmm mm= Line AP; then ſer off the Ships firſt Courſe 
North4, 3' 2 _ one Poiut from the Ealt from N to G, ard 
| era 


po Oo E . " _ _ 
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raw the Line A G, and from A to Blay off the firſt Diſtance 9 Lezpges - i 
« the Courſe of the Current, being 5 Poiats from No F, _s : <p" Ling FF; 
b-ing the Courſe N. E. by N. of the Current. And becauſe the Current in 4 bours ſets 

Leazues three Quarters forward in its own Race, therefore draw the Line B C, pa- 

ltoAF, that is, take the neareſt Diſtance from Bto AF, and lweep a ſmall Port 
over the Line A F, and from B to the upper edge of the Arch, draw the Line B C, and 
thereon put from B to C 5 three Quarters, the Currents motion, and draw the Line A C; 
which ſhews the Courſe the Ship hath made good the firſt Watch. Now for the "ha 
Courſe draw C H parallel to the Line A L, and with the Radius or Chord of 6 q 
n C as a Center, draw the Arch H Z, whereon prick 22 deg. 30 min. or 2 Points Pa 

E N. E. for the Ship's ſecond Courſe from the Eaſt ; and draw C Z, whereon prick down 
the Diſtance ſailed 13 Leagues from C to D ; thendraw D W patallel to A F as you did 
BC; th-n becauſe the Current ſets 10 } id two Watches, therefore prick down ro 2 
Leagues from D to W, and draw the Line AW; which being meaſured vpon the fa 4 
Fale (»f an Inch divided into 10 parts) ſhews the Ship's direct diſtance is 35 Lebaneoca 
a half; whereas if there had been no Curreat, the dire&t diſtance had beet AR 22 
Leagues. Then meaſure the ArchN E, and you will find it 34 deg. which is a little a- 
bore three Poinrs from the Eaſt. So the Point the Ship hath made good {s N. E: by E. a 
little Northerly ; whereas 1f there had been no Current, the Courſe had been N.E that 
s, Eaſt and by North half obo pn BY : 

Some will expect ſome other ſort of Queſtions (beſides theſe foregoing : . 
it their leiſure-time, I have inſerted theſe Queſtions following. I TO 


Queſt. I. A Ship ſails 40 Leagues more than bey Difference of Latitude, and i 
from the Meridian 80 Leagues ;, 1 demand ber Difference of Latitade. 15 departed 


Double the exceſs of the Diſtance above the Difference of Latitude, which makes Bo, 
then to the Departure 80, add the ſaid Exceſs 40, the Sum is 120 ; and likewiſe ſab- 
tract the Exceſs from the Departure, the Difference is 40. Then ſay, By the Rule of 


Three. 
As 80, to 120 : So is 40. to 60. Which is the Difference of Latitude required. 


This may be Geometrically performed by Problem 14. Book 1. 


Queſt. 11. A Sbip ſails 20 Leagues more than her Difference. of Linteds ad 5 Lo 
more than her Departure from the Meridian, 1 demand ber Diſt ance ſailed. 10 Leagues 


In the Triangle A BC, you have A B C : ” 
20 Leagues more than the Difference of O 
Latitude A C; and 10 Leagues more Y 

71 the Departure from the Meridian ; 

firſt, With the double of either Num- | E 
ber, which here I take, the double of 
EB2o, which is 40 Leagues, and lay —® 
from F unto G: then I take the other if D 
Nomber A D 10, and add it thereunto, 
& GH. - Now on the midſt of F H, as 
a K, making it the Center, I deſcribe 
the Semicircle HI F. Then on G ere& 
the Perpendicular which cuts the Arch 
in |: then meaſuring GT, it will be e- 
qual to DE 20 Leagues, which added 
to the two former Numbers 20 and 10, 
you have in all 50 Leagues for the diſt- 
ance ſailed, required. —— |F 
R Arichmerical Multiply A D 10, by Re (? K 

20, which produces 400, double this which makes out of this double 

Product Extract the Square Root, which is —_ a _ | 
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VERSE RH Te Ship {all from one Port : The fuſt ſails airettly $, the ſecond Shig ſei 


S. W. mere than the firſt by 35 Leagues, and then were aſunder 76 Leagues : The Queſtia, 
is, How many Leagues each Ship ſailed. 


SEd#.2”) Firſt draw the Meridian-line A B, and from 
| We - $62 A draw a W, S. W, Line, as AD, and fra 
Eo i C, (where the Chord of 60 deg. cuts the Line 

nh © k A D) lay down the 35 Leagues unto D. Now 


draw theChord-line BC; then take 76Leapyes 
and lay it from D to cut the Chord-line in k, 
 Laftly, From E you' myſt draw a Paralle] 
© ES « Meridian, which will cnt the Rhomb-line in 
1 ER A2. F, fo meaſuring E F, 'you ſhall have 45 
A624 ; Leagues and a half, that the firſt Ship failed di. 
rely South : and the ſecond Ship ſailed 35 Leagnes and a half more, that is $0 Leapie; 
and a half, the diſtance required. 

3 Rok By tbe Artificial T ables of Sines and Numbery. 


k Ak the Side E D———76 Leagues Co. Ar. 


= _ - w—Y,z 1919 
- : TotheSiae of the AngleE CD 123deg. 45 min. — — -——9.9198; 


— — 


To the Sine of the Angle CE D 22 deg. 31 min.——-——. 9.58311 
Which ſubtract from 56 deg. 15 min. you have the Angle at D 33 deg. 44 min. 


Then, As the Sine of: the Angle at F 67 deg. 30 min, Co. Ar. m—— 
is.to his oppoſite Side — ———ED 76 BUGS td 
So the Sine of the Angle at D 33 dep. 44 min._— 


I.$5C31 
9.74455 


—m—__—— 


Tohis oppoſite Side FE 45:5; Lengues——-———,6594 
Sq the firſt Ship failed 45; :2 Leagues ; and the cther 80+{.* Leagues. 


Queſt. IV, Tmo Ships ſailed from one Port : The firſt fails $S,S. W. a certain Difance ; 

then altering her C vurfe, ſhe ſails due Wiſt« 9% Leagues: The ſecond Shep ſailing 1:0 
\. Leagues meets with the firſt Ship, I demand the ſecond Ship's Courſe, 4nd kow many Ltagus 
_ the firſt Ship ſailed S, S.W, | | | 

Draw the firſt Ship's Rhomb from A unto FE, being S. S. W. then lay her Diſtance fail- 
ed Weſt 92 Leagues from A unto C, and from Cdraw-aS. S. W. Lice as G Dcontiroed: 
Next take 120 Leagues, and lay it from A, ſo that it ſhall cut theLineCDinD: % 
drawing A D, you ſhall have the ſecond Ship's Courſe near Weſt South Weſt, Laſtly, 


meaſuring C D equal to A B, you ſhall find itto be 49 Leagues and a half that the fic 
Ship failed, S. S. W. 


5 —E 
/ oft MN 
B f RN A PDA WW IDe ALE IGED 
| ©" 
|< \ 
1%. 
S A. 7 91 C 
4 | For the two Ships Courſe. 
. As the Side A D——120 Leagues— =Co. Ar, -— 
13 to the'Sine of the Angle at B 112 deg. 30 min, —— 9.96562 
So Isthe Sine of the Side B D 92 Leagues» am —m—mennmnmnn nm 1.96379 
To the Sine of the Angle BA D 45 deg. 6 min, mummy mn 9.85023 
_ - Unto 


Rn —C—— 


a 
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© nes " hich acd the AngleF AB 22deg. 30 min you have the Ho a Ship's NEVER ſn 
67 deg. 36 min. being near W. S. W. whoſe Complement is the Angle ADB 2a dee, 


24 min- ? 
For the diſtance of the Sh1ps, 


# As the Sire of the Angle BAD 45 deg. .6 min. Co. Arw————9.14996 
Is to the Side —— B D92 Leagues — —— ———————1,96379 
So is the Sine of the Angle —AD B 22 deg, 24 mins —_ — 


To the Side A B g9 +3 Leagues required — — ———— 


Queſt. V. Two Ships fail from one Port upon two Courſes 7 Points aſunder + The one ſets in 
the $. W. Qnadrant, and departs from the Merid. 57 Leagues ; and the other ſailed jn the 
S. E. Qnadrant, and was departed from the Meridian but 25 Leagues, and then are both 
fallen into on: Latitude \, 1 demand the Rhomb or Courſes of each Ship. 


Firſt draw an Eaſt and Weſt Line continued ; ang-making choice of a Point at D, up- 
on [) erect a Perpendicular, which will be a Mcrjdlian-line,, as D A continued. Now 
from D lay down the Welt Ship's Departure D' B 57 Leagnes; alſo the Eaſt Ship's De- 
parture 25 Leagues) C : So their whole diftance will beG B 82 Leagues. Now upon 
the Point at B, or elſe as here at C, draw an Angle of the Complement, of 7 Points, that 
is 1 Point, as CF the prickt Line, | | | 


RR REP B 


Now from the midſt between B and C, at E, draw another Meridian-Line, until it 
tt the former Rhomb-line C F in the Point G ; So taking the diſtance from the Point G 
unto C, lay the ſame from G, until it cut the Meridian-line, in the Point A, whichis the 
Place or Port you ſailed from. I Courſe 
Laſtly, From A you ſhall draw their Rho or Courſes, as A B, which is 4: Points 5- W. + 
from tize South Weſt-wards ; and A C tw Points from the South Eaſtward. W 


The overation by the Logarithms. -þ C SA 

As the Sum of their Departures C B $2 Leagues —— ————:91381 $ E. + 
To the Difference of their Departure SB'3z2 Leagues — 1.50515 
S is the Sine of the Sum of thei: Courſcs CAB 78 deg. 45 min, — —9.99157 
To the Sine of the Difference of their Courſes — ——— 11,4962 
5 A B23 deg. 30 mig. — IOC diag 


Now 22 deg. 30 min. added to 78 deg. 45 min. the half Sum is 59 deg. 37 min. and 
a half ; that is 4 Points and a balf or $. W. half W. for the one Ships Courſe failed from 
AtoB: and 2: deg. 30 min. ſubtraftcd from 78 deg. 45 min. the half Sum is 28 deg, 
27 min. and a balf; thatis 2 Points and a halfor $. $, E, 'balf a Poiat Eaſterly, farthe 0+ 
ther Ship's Courſe. ' | | we | 


x _ Queſtions in Navigation. Book IV. 


Queſt. VI. From the Port at A, I ſail S. S. Weſt antoB, and from B, TjailN.W.ty. 


C, and from C, 1 ſailed utto my firſt Port at A, E. by N. Now baving ſailed in a 
120 pwn would know how ils, hl I bave ſailed upen each 4 ge "Y 


Firſt draw A B a South-South-Weſt-line, then at a convenient diſtance, as from b 
draw a North-Weſt-by-Weſt-Line, and from A draw the oppoſite Courſe of Eaſt by 
North, which is Weſt by South, which will cut B Cin C3 ſo continne the Sides of the 
Triangle, as A B unto E, and A CuntoF. Thenlay BC from BuntoD, and ACfrom 
DuntoE. Then take 120 Leagues and lay the ſame from A unto F : Next draw the 
Line E F, and from D and B draw Parallels therennto, which will cutAFinG and x, 

Laſtly, meaſuring A H, you ſhall bave 33; Leagues that you have failed South South- 
Weſt. And meaſuring HG, you ſhall bave 39 Leagues + parts that you have ſailed 
North-Weſt by Weſt. Alſo meaſuring G F, you ſhall have 46 4 Leagues near, that you 
have ſailed Eaſt by North, which makes in-all near 120 Leagues. 

E 


Aruhmetically, By the Table of Natural Sines in the Seaman's Kalendar. 


Firſt, Add up all the Sines of the Angles together, 
deg. mit. 
45—00 Sine 7071 
$6—15—8315 
TE—45——908 


I ——  —_ 


25194 
Then by the Rule of Three. 


| 7071) Tothe CS. S. W. 33:<* AB. 
» As 25194, to 120 Leagues : So<48315 DitanceSN- W. b. W. 39-52 Leagues, 
9808 } failed QE. b.N. 46:7: CA. 


CHAP. VII. 


The Diſagreement betwixt the ordinary Sea-Chart, and the Globe ; and the agreement between 
the Globe and the true Chart, according to Mr. Wright's ProjeGion, | 


'F: HE Meridians in the ordinary Sea-Chart are Right Lines, 31! parallel one to ano- 

ther, and conſequently do neyer meet ; yet they cut the Aquinadtial, and all 
Circels of Latitude, at Right Angles, as in the Terreſtrial Globe : But herein it differeth 
from the Globe, for that here all the Parallels to the Xquinoctial beiog leſſer Circles, 2r9 
made equal to the Aquinoctial it ſelf, being a great Circlez and conſequently the Degrees 
ofthoſe Parallels or leſſer Circles, are equal to the Degrees of the Zquinoctial, or any other 
great Circle, which is meerly falſe, and contrary to the NY the Globe. 

The Meridians in the Terreſtrial Globe do all meet in the Poles of the World, cutting 
the Zquino&tial, and conſequently all Circles of Latitude, or Parallels to the A&quator 
at Right Angles . and all ſuch Parallels do grow leſſer towards either Pole, decreaſing 
from the EquinoQtial Line. For Exawpk, 350 Degrees, or the whole Circle in oe 
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rallel of 60 dep. 15 but 180 Ceg. of the Aquinoctial ; Whereas in the Plain Chart, that 
Parallel and all others are made equal one to another, and to the Equino&ial Circle, as 
we have ſaid before, The Meridians in a Chart of (Mercator or) Wrizht' Projection, 
are Right-Lines, all Paralkl one to another, and croſs the XquinoQtiz], and a!l Circles 
& Latitude, at Right Angles, as in the brdinary Sea-Chart : But in this Chart, though 
the Circles of Laticude be all equal to the XquinoCtial,and one to another, yer they keep 
the ſame proportion to the Meridian by reaſon of the inlarging thereof, as the ſanie Pa- 
rallels in the Globe do. Wherein it differeth from the ordinary Sea-Chart, for in that 
the degrees of great and leſſer Circles are equal ; and in this, though the degrees of the 
Circles of Latitude are equal, yer the degrees of the Meridian are unequal, being inlarged 
from the FquinoQtial towards either Pole, to retain the ſame Proportion as they do in 
the Globe ir ſelf; for as tro degrees of the Parallel of 6c deg. is but one of the Equi- 
nofial, or 3ny great Circle upon the Globe, ſo here two degrees of the XquinoQtial, or 
of any Circle of Latitude is but equal to one degree of the Meridian, betwixt the Lati- 
tude of 594 and 60! deg, and ſo of the reſt. Now for the making of this Table of [2 - 
titudes or Meridional Parts, it is by an addition of Secants ; fot the Parallels of Lati. 
tyde are leſs than the Zquator or Meridian, in ſuch proportion as the Radius is to the 
Secant of the Parallel. For Example. The Parallel of 67 deg. if lefs than the AXAqua- 
tor ; and conſequently each degree of this Parallel of 60 deg. leſs than a deg. of the &- 
quator or Meridian, in ſuch proportion as 10c0co Radius, hath to 200cco the Secant of 
60 degrees. _ EE, a | 
Now to ſhew how Gunter and Norwooed*s Tables are made, which was by the help of 
Mr. Wright's Tables of Latitude. Gmwer's being an Abridgment, confiſting of the Quo- 
tient of every ſixth Number, divided by fix, and two Figures cut off: | 
For Fxample. In Wrighi's Tables of Latitude for 4d degrees the Number is 262 27556. 
That divided by 6, cutting off two Figures, the Quotient is 43 deg. 712 parts of the 
Xquator, to make 40 deg, of the Meridian. | 
And Norwoed's Tables of Meridional Parts, is an Abridgment of Wrizbe”; Table of 
Latitudes; namely, every ſixth Number cutting off four Figures to the ri ht hand, ag 
for 40 deg. as before the Number is 26.2275 59, from which cutting off. four Figures, 


# 


makes the Meridional parts 2623, as you will find by this Table. © 

So this Table ſheweth how many parts every degree, and every tenth part of a degree 
of Latitude in this Chart, is from the EquinoQtial; namely, of ſuch parts, as a degree 
of the Zquator containeth 60. And this which I here exhibit, and call a Table of Me- 
ridional Parts, is alſo an Abridgment of the Table of Latitudes of Wrighe* , namely, 
omitting always thethree laſt Figures and dividing the reſidue by 3. For Example. The 
Numbers for 40 deg-are 26, 227, 559} otnit the 3 laſt, and diyide the reſt by 3, atd ig 
the Quotient is 8742, the Meridional patts for 4o deg. and ſo of thereſt : Sorhat this 
Table ſheweth how many parts every deg. and every tenth min. of Latitnde is from the 
XquinoCtial in Leagues and Tenths. | 

The Uſe of this Table ſhall partly appear in the Problems following. 


PROB. 1. How tofind by the following Tables what Meridjonal Parts are contained in any 
Difference of Latitude. 


Þ* the following Table you muſt take the Meridional Parts anſwering to each Latittde 
and ſubtraCt the leſſer from the greater ; ſo the Remainder is the Number of Meri- 
dional Parts contained in the Difference of Latitude propoſed ; except the two Laticutles 
be one Northerly, and the other Southerly, then add the Meridional parts together, and 
that Sum is the mn SN in Meridional parts. 
As, Let one Latitude be 51 deg. 20 min. N,—— 12902Þ ;.. :.. 
And the other Latitude be 13 deg. 10 min, N.—— 2657 : Meridional Parts. 


EE Ee ———_ _—_— 


; | 9345 | A 
The Meridional Parts contained in the Difference of Latitude, are $34-5 Leagnes: 


PROB. 2. The Latitndes of two Places being given, and difference of Bongitude of both Platet; 

| To find the Rhomb and Diſtance. hee 

TO the intent the Application may be the more evident, our Exaripte ſhall be of two 
_ Places before expreſſed in the Plain Chart. 


|! Suppoſs 
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ſe the Latitude of the Iſland of Lamdy in the Mouth of Se- mn 
— at A, 51 deg, 22 min. and the Latitude of Barbadeers., Lundy 2552 


deg. 10, min. at B, and the Difference of Longitude 52 deg: 55 360 
mob. D, that the Barbadoes is to the Weſtward of the Ifland of Rant | 
Lundy; The Courſe and Diſtance from the one Place to the other 335 52 
is demanded. Barbadoes 332 57 

Firſt you may demonſtrate the Queſtion by the Scale. Differ. 5 2 55 

Draw the Right Line A C for the Meridian and in r rd the — 
difference of Latitude is 38 deg, 12 min. convert them into Leagues, 1040 
by multiplying them by 20, and the odd minutes divide by 3, and 18: 
the difference in Leagues will be 764 ; which lay from A to B, — 
for the common difference of Latitude' r05$ 

51d. 22. m 

C Tos 8 Leag® by 36 

Ka 38 12 
R ab 
P 760 
| ” 4 
S 764 

G 


Then take the Difference of the two Latitudes inlarged, 934 ++ Leagues, and lay fra 
Ato C3 then draw the two Parallel Lines, as B EandCD. Then 52 deg. 55 min. the © 
Difference of Longitude, converted into ues, (as before direfted)is 1058 2, which 
lay from Cto D, and draw the Line A D, which is the true Courſe from A co D. and 
AE is the true Diſtance. AndasD is the Point repreſenting Barbadoes by Aercaur's 
Chart, ſo is E the Point repreſenting the ſame Place by the Plain Chart. And as CD is 
- the Longitudeby the Globe, ſois BK the Meridian L between "Landy and Barbs- 
" dees. Youwill find the true Courſe S. W. a little gioge than a quarter Weſterly, and the 
Diſtance is 1 154 Leagnes., . Now by the Plain Ses-Chart the Courſe is B AF, S.W. above 
three quarters of a Point Weſterly ; and the Diſtance is A F 1306 Leagues : So that the 
Plain Chart ſheweth the Diſtance more than it is by 152 Leagues, and the Courſe more 


Weſterly by half a Point, whicltis a groſs Etrorz andſo groſly are thoſe Men miſtaken 
that uſe a Plain Chart. bY EPS Ak 


To find the Courſe and Diftance by the Lagevithme. 


Dmita Ship is at A, in Latitude 51 deg. 22 min. North at Zandy, and ls to fail to 
Din Latitude 13 deg-10-min. which is Barbadoes ; and the Difference of Longi- 
tude- is 1059 Leagues, REIT | | CORES 
Firſt find the Difference of Latitude inlarged, as is before dire&ed in the firſt problem, 
gr Seton wt. eu ty | RET 
Now you have given A C the Difference of Latitude inlarged, and-C D the Difference 


of Longitude 52 deg,55 min. whereby the Angles and H ulal ſhall be found by the 
Retdakad of 2 Ms aged Telos ure ORC 50 
. ofor 


"N 
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Therefore for the Conrſe, 


As the Difference of Latitude inlarged A C is 9347: parts mm n—2,97057. 
Is in Proportion to the Radius 90 deg. — ——— 10.00T, 
£0 is the Difference of Longitude in ſuch Parts CD 1058! — 0 


To the Tangent of the Rhomb, the Angle at A 48 deg, 33 mil.———10.0 391 


Extend the Compaſſes from 934+ Leagues, the inlarged Latitude, to 1058; Leagues: 
the ſame diſtance will reach from the Radius to the Tangent of the Courſe 48 deg, 33 min 
which is the Courſe from Lundy to B arbadoes, S. W. alittle aboye a quarter of a Poinr 
Weſterly. 


For thi Diſtance. 


As the Sine-Complement of the Rhomb, the Angle at D 41 d. 27 IN,————0g $808; 
Tothe Difference of Latitude A B 764 Leagues onm—m—rnmnnn no — 2,88;09 
So is the Radius —— 
Tothe Diſtance AE rv 54:5; Leagues — —— — 


nu—_ 


Extend the Compaſſes from the Complement-Sine of the Rhomb 41 deg. 27 min. to 
the Sine of 90 deg. the ſame Extent will reach from the difference of Latitude 76, 
Leagues, to the diſtance A E 1154 Leagues, which is required. 


PROB. 3. The Latitude of two Places, and their diſtance given ;, To find the Conrſe ad the 
difference of Longutnae. 


Dmit 1 fail from the Iſland of Zzndy, in the Latitude 51 deg. 22 min. in the South- 
A welt Quarter of the Compaſs, 1154 +; Leagues z and then find my ſelf in thelz- 
titude of 13 deg, 10 min. 1 would know upon what Point of the Compaſs I haye failed, 
and my difference of Longitude to the Weſtward. 

The diff. of Lat. AB is 38 deg. 12 min. which reduced into Leagues is 76.4 Leagues. 


For the Courſe. 


As the diſtance ſailed 1 1 547: Leagues AE=—— _—— — 06 
Is in proportion to the Radius, 90 deg. - os C— 10.0:000 
So is the true Difference of the Latitude 764 Leagues A B -——2,88309 


| —— 


To the Sine-Compl. of the Rhomb 41 deg. 27 min. the Angle at D-——g.8:08: 


f Thatis S. W. + W. or S, W. 3 deg. 33 min, Weſterly, the Courſe that the Ship hath 
ſailed upon. 
Ext the Compaſſes from 1154 Leagues the diſtance to the Sine of 90; the ſame 
diſtance will reach from the difference of Latitude 764 Leagues, to 4x deg. 27 min. the 
Co-ſineof theRhomb : The Rhomb is 48 deg. 33 min. that is, 4 Points and above a 

quarter from the South-weſtward from the Meridian. | | 


Secondly, For the difference of Longitude. 
Find by the firſt Problem the difference of Latitude inlarged, 934: Leagues. 


Then as the Radius— — -——] 0.00000 

Tothe Diff. Lat. in Merid. parts 93475 A C——— 2.97057 lalaged. 
Sois the Tangent of the Rhomb 48 deg. 33 min A — 10.0539 

To the difference of | Longitude in parts 1058 Leagues — 3.02452 


Extend the Compaſſes from the Tang. 45 deg.to the difference of the Latitude inlarged 
934: Leagues ; the ſameextent will reach from the Tangent of the Courſe 48 d- 33 M: 
to 1058 Leagues. . 1058 Leagues converted into Degrees, by dividing by 20, the Quo- 
tient is 52 deg}. 54 min. the difference of Longitude required. 


PROB. 4 
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PROB. 4. By the difference of Longitude, one Latitude and the Conrſe, to find the other 
| Latitude and diſtance run. 


| jg poſe I ſail from Lundy, 1n Lat. 51 deg. 22 min. North. S. W. 3 deg. 33 min. 
g Welterly, or S. 48 deg 33 min. Weſterly, until my difference of Longitude be 52d. 
55M. I demand how much | have laid the Pole, and how far I am from Luxdy ? * 


For the difference of Latitude. 


zsthe Tangent of the Rhomb 48 deg. 33 min.——————-——0.0;398 


To the difference of Longitude C D 1058 Leagues — — 3.01448 


OED Cr — ——  —  — — [ 0,090TCg 


" 


is the Radius ————— 


—  ——_—___ 


To the difference of Lat. in Merid. parts Leag. 933: A C — -——— —2,97053 
By the Artificial Lines on the Scale, 


Extend the Compaſles from Tangent 48 deg.-33 min.to 1058 inthe Line of Numbers . 
the fame extent will reach from Tangent 45 deg. to 934:+ Leagues. 

Or, extend the Compaſſes from Tang. 48 deg. 33 min. to Tang. 45 deg, the ſame di- 
fance will reach from 1058 Leagues, to AC93435 Leagues, as before. 

Now the Meridian parts anſwering the Latitude of 51 deg. 20 min. are 
12002 ; from it ſubtraCt 9344 here found, and there remains 2658, which 


12CO2 
Number I look for in the Table, and find the neareſt, viz. 2657 under 12 9344 
dg. and 10 min. which is the Latitude of the ſecond Place where the Ship ——— 
x; and the difference of Latitude is 383 deg. 12 min. The diſtance may 2653 


te found as before, in the ſecond Problem. 


PROB. 5. By the Courſe and Diſtance, and one Latitude ;, to find the other Latitade, 
and difference of Lingitude. 


Uppoſe I ſail S. W. 3 deg. 33 min. Weſterly,,or South 48 deg. 33. min. Weſterly, 

1157 Leagues, and by Obſervation find myMIf in the Laticude of 1 3 deg. 10 min. 

Irequire the Latitude of the Place from whence Icame, and the difference of Longitude 
between the two Places. 


| For the Difference of Latitude, ' 
ki the Radius —— ——— ———— ——— mr - 


- nn— 0,00 
To the diſtance failed 11 54 Leagues A Emno——— 0. 
9 is the Sine-Complement of the Courſe E, 41 deg. 27 min, — 9.82083 
To the difference of Latitude 763+? or 964 Leagues Es ati ——2.588303 


Extend the Compaſſes from the Sine of go deg. to 1154 Leagues; the ſame will reach 
from the Sine of 41 deg. 27 min. to 764 vesz 764 Leagucs is +38 deg. 12 min. the 
Gference of Latitude which added to 13 deg, 1o min. the Latitude of the laſt Place, 
the Toral is 5 x deg. 22 min. the Latitude of the firſt Place required. 

The difference of Longitude is found as before in the third Problem, ſaying, 

As the Radius, to the difference Latitude ; inlarged 934+. 

v0 is the Tangent of 48 dep. 33 mig. to the difference of Longitude in Leagues 1058, 

which is 52 deg 55 min- EP 


Now to convert the difference of Longithde found in any Latitude -into Leagues of 
Departure or Diſtance, do it after the Example following, 


Suppoſe two Places m one parallel of Latitude, as in the parallel of 51 deg. 22 min. 


_ difference of Longitude is 52 deg. 55 min. I require the diſtance of thoſe two 
ces. 

AS the Radius —— —— ——— — <— 7.00 

Is to the Compl. Sine of the Latitude 51 deg. 22 min, — —-————9.79542 

$0 is the difference of Longitude 1058 Leagues ——.44 

To the diſtance in that Latitride 650 Leagues 15 — —-— —— ———2$1g950 
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CHAP. VII. 


How to divide a particular Sea-Chart according w» Wright's Projettion, commonly called 
© Mercator's Chart. 


FF it be a particular Chart you would make, yon muſt firſt conſider the two Latitudes 
Y 


take the 


ou would make your Chart for 3 and out of the foregoing Table of Meridional parts, - 
Numbers anſwering to each Latit.and ſubtrat the leſſer out of the greater, and 


the remainder is the Number which you mult take for the extream parallels of Latitude. | 


1979 


'F 


=5 


>] a) 


SITY 


— 


1975(9:52 
209 


b 


yy 


5O 


19:57 
5911910 
5811858 
58/1600 
5811742 
58 1684 
5811626] 
57/1559 
5711572 
5711455 


53 _©0 
_ 
40 
30 
20 
10) 12271 
52_ oo 12217 


12656 
12600 
IIFOF 
12490 
12435 


12325 


5611399 


56/1286 
5611230 
5611174 
55,1219 


12350155 
55 yo 


55,1064 


5711342] 


| 


55/1009 
934 


54 
54 


$O, 12163 
4O| 12109 
30, I20J$g 
20, 12003 


$1 
| 50, 11842 


10| 11949 
OO 


11896 


5+ 
54 
54 
53] 
53 
53 


40, 11790 


30 
20 


OO 


11737 
1 1685 
11633 
11581 


O 


54 
52 
5 


50, 1529 
11478 
30] 11426 


$2] 103 
$I; $2 
52 


Example.1 would make a Blank Mercator's Cher 
from the Laticude of 49 deg. 30 min. to 55 deg, 
30 min. and for 10 deg, of Longitude. Lookin 
the Table of Meridional parts, and for the [z 
titude of 49 deg. 30 min. you will find the Nun- 
ber anſwering thereunto is 11426, and for the 
Latiinde of 55, deg. 30 min. is 13401, the leaſt 
ſubrraſted from the greater, the remzinder is 
197,5 equal parts for the length of the Merida 

ne. Therefore firſt draw the Line A B for the 
Meridian- Line, and croſs it with two Perpendi- 
culars, as BC and A D: then divide one of the 
Parallels of Latieade,into 10 equal parts, as AD, 
and ſubdivide each of thoſe deg, into 20 equal 
parts or Leagues, and ſuppoſe each of theſe 20 
parts to be divided into 10 parts more, ſo wills 
deg. be divided into 200 parts : Then take with 
your 197,5 equal parts out of the 
Line A D, and lay from A to B, and from Dto 


C, for the extream parallels of Latit«d 32rd 
'through each deg. of Longitude marked with 1,2, 


3y 4+ 5 G6, 7, 8, 9, 10; draw Meridian-Lows 
parallel to the the firſt Meridsan : Then out of the 
Table of Meridiond parts colle&t the Numbers 
anſwering to every 10 min. of Latitnde, as in this 
Table annexed, which ſubtracted the leſſer from 
the greater, the remain is the difference, s in 
the third Column : Then add the Difference toge- 
ther, which maketh the Number in the fourth 
Column ih this manner ; 52 for the firſt 10 min. 
and 51 min. added to it, make 103 for 5o min. 
and 52 added to 103 makes 154 for the Number 
of equal parts you mult take out of the Lize A D 
for 30 min. from A to 50 deg, of Latitude, and 
lay it on bath ſides of, the Chart, and draw the 
paraltel of 50 deg. of Latizade: And ſo do of the 
reſt, asyoa ſee in this Table. So for 51 deg. the 
Number is 4705 take 470 and lay it upwards 
from A to 51 deg. on both ſides, and draw the 


parallels of 51 deg. of Lariewdez; and ſo do with 
the reſt. ins x 


» CHAP. 


——— > — ——  —— —— 


Sailing by the True Sea-Chart. = 119 


5 ain eg Ht s 
EMMETT. 
= ; 


© "FA 
4 


by «1 | / / Fi << 
H ; LE q 


LA 


L L 
% # ns 1 # > LS 
Tx LEE 


OE © 


- 
* 
TP + as 4 & HH On Tu 


i I 
EXT LES 
T. pO 
m—_ 


by 
N% 
N 


IT1 
LL-+t- 


NN 


jj: 31.4 + 
Þ | Sa - 
= f + Fi 70 MPF | = 
* I: WF F551 7 
WAAEST 1 4 
j\ WT A”. A - ſt | F 

JE A" Coon | ONE | BOK. C8 1 REL. Pe. 9 

" lakzs| 8 Y {4 4,40 ; _2UD 


CHAP. IX. The Projeftion of the Meridian Line by Geometry, and how to make 4 Ccals of 
Leagues for to meaſure Diſtances in any Latitude. 


He Projc&ion is the grourid-work of Wright's Tables of Laticades, in his Corre@ion 
of Errors in Navigation, where he ſheweth how to make it, and hath alſo made 
2 Table by tbecontinual addition of the Secants of every Minute, which ſhews bow mych 
jou are to lengthen the deg, of Laticude in your Chart, that ſo there may be a true pto- 
portian between the degrees of Longitude and Latuade in all Places. Which Table 1 have 
abridged, by reducing into Leagues and tenth parts, as hath beeri ſhewed befor We 
will here ſhew yo how to do the ſame by Geometry ; that is, how to make a MHeridian- 
Line anſwerable to any Line of Longitades, and alſo ro make a Scale of 100 Leeges to 
meaſure a diſtance in any Latsz:zude. Firſt, Make the Quadrant A BC, of what largenefs 
you pleaſe, and divide the Limb thereof into 90 deg. and number them from B towatds 
C; then divide the Side of the Quadram into 5 equal parts, which are $ deg. of the 
EquinoCtial. Then divide the firſt deg. from the Center, as A D, into 6 <qual parts; 
and through them draw parallel lines ro A C: You thay divide each of the other four 
deg, from D to B into 20 equal parts, which are Leagues, and fo you ray number then 
3 you ſee, from 10 to 100: Sothe wholeline A B will be your Radins; and the length 
of 110 Leawes, Or 5 deg, and 2 half of Zongicatk of your Chet. | | 
And becauſe the Degrees of Longitaide are to be of one length in alt Latitudes, thets- 
fore the degrees of Larrude muſt increaſe as the Seoants of the La#rdet increaſe, 


There: 


A 
| 


"” +* aA 
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Therefore if you would know how long one degree of Latieude mult be in the Zatieude 
of 5o deg; lay a Ruler on 50 deg.and on the Center A, and draw the Line AH. Now 
the Radius being A D, the length of one deg. of the Xquator, this Line A b, or hk 

' {being both of one length) is the Secant of 5o deg. to that Radius, and 'muſt bethe 
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length of one deg, of Latitude in a Chart from 50 deg, to 51 des; and ſo the LineAE 
which is the Secant of 20 deg. is the length of one deg. of the Meridian-line in the Lz- 
titude of 20 deg. and ſo for any other Latitude, 


A Scale of Leagues from the Lat. of 25 deg. to the Lat. of 56 deg. 


$6 


How to make the Scale of Leagues 


THe Quadrant being drawn as before direfted, take 110 Leagues and lay from A to 
A , B, anddraw the Line M N Bat Right Angles thereunto : Bs if it ug for a parti; 
cular Chart, as that before going, draw Lines from the Center through every degree 
of Latitude z as you ſee in the Quadrant I have done. So if you would know the length 
of 100 in the Latitude of 25 deg. lay a Ruler upon 25 deg. in the Arch of the 
Quadrant and the Center,and draw the Line A N, and that is the length of 1 10 Leagues 
in that Latitude Soif you draw Parallel-lines to M N through every 10 Leagues inthe 
Side A B, you will have the length of every 10 Leagues in any deg. of Latitude, as you 
may plainly ſeein the Quadrant z and fo you may do 


for every League if you pleaſe. 
Suppaſe you would know the length of 40 Leagues in the Latitude 50 deg, extend the 


INE Compalles 
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Compalles from A to K, and that diſtance is 40 Leagues in that Latitude : And in like 
manner work by the reſt in any other Latitude. If you would make this into a Scale, as 
the Figure Y M mN; firſt in the Quadrant extend your Compaſſes from the Center A, 
tothe [nterſeCtions of the Line drawn through every deg, and lay them down upon the 
of the Scale, from Y towards M, from the Lat. of 25 d. to the Lat. of 56d. and this 
jsthe Meridian-line of your Scale, then draw the Paralle-lines Y N and M m for the ex- 
tream Parallels of your Scale; and draw Parallel-liges to all theſe deg, zs you ſee : then 
extend the Compaſles from the Cent. of the Quad.ito M, for the length of theflowermoſt 
Lineof your Scale M m 110 Leagves,and extend the Compaſles from the Cent.of the Qua- 
drant to N, which the length of 1 10 Leagues in the Lat. of 25 deg; and it is the length of 
the uppermoſt Line Y N of your Stale 3 and draw N m the out-{ide Line of your Scale : 
& take every 10 Leagues from the Center A, in the Lin: A M, in Lat. 56 deg. and di- 
ride the lowermoſt Line of the Scale ;, and the like do in the Lat. of 25, for to divide 
the uppermoſt Line of the Scale ; and draw Lines through each of them, which will di- 
ride all the reſt of the Parallel-lines in each Latitude into 10 Leagues and number them 
z5o0u ſee in the Scale; and divide the firſt 10 Leagues next the Meridian-line of the Scale 
into 10 equal parts below and above, and draw Lines through each of the Diviſions : So 
taye you divided your Scale to every deg. of Latitude into Leagues ; which will meaſure 
+ nnrgh of any two places in the true Chart, which are near the ſame Parallel of 
Latitude. 
Thus far the Author. I ſhall next ircert the 14 following Problems in Mercatots's Sailing, 
h Mr. John Colſon, being « net Addition of his to the Mariner's Kalendar. 


?ROB. I. WO Places in the ſame Parallel of Latitude, the Dif- P 
ference of Longitude between them given, to find 
' teDiſtance of thoſe Places in the Parallel. 

Example. C ape St. Vincent, and the S. Point of St. Mary's, both in 
the Lat. 37® ©c/ N. the Difference of Longitude between them 169 4</ 
(or 1000 min.) to find the Diſtance. M W 

In the annexed Scheme, P repreſents the North Pole, E Q an Archof 
the EquinoCtial, M St. Mary's, V Cape St. Vincene, P ME the Meridi- 
anof St. Mary's, PVQ the Meridian of Cape St. Ymcen!, the Angle 
MPY, or the Arch EQ, the Difference of Longitude between Sr. 

Mary's and Cape St. Vincent, M V the Diſtance between them in the 
| Fxrallel of Latitude. 


The Operation by the Logarithmr. E Q 
As Radius — —_ —— —.,,,qcqcwq 
To the Difference of Longitude 1000 min. — =—==— 3.0000000 
$ is the Sine Comp. of the Lat. 37% 00 ———— — —-—-——— 9.902346 
Tv the Diſtance between then 798 min, ———————.— —12,99.23486 


BROB. Il. TwoPlaces both in the ſame Latitude, the Diſtance (in the Parallel) 
tetween them given, to find the Difference of Longitude. 

Examp. Cape St.Vincent, and the S. Point of St. fary's, both in the Latitude of 379 
0N. the Diſtance between them 799 min. to find the Difference of Longitude. 


The Operation by the Log arithms. 
As the Sine Comp. of the Lat. 372 of —_——— 9,4 
To the Diſtance 7 99 min,— — —— ——— 2.99546 
$0 is Rading —— —— —— — 1 9.0200C00 
To the Diffetence of Longitude 1000 NiN————— 30001982 


| PROB. III. The Difference of Longitude and Diſtance between two Places, both 
11 the ſame Latitude; to find the Latitude. 

| Examp. The Difference of Longitude between Cape St. Vincent, and the S. Poin of St. 
May's, being in the ſame Latitude; is 16® 40', and the Diſtance 799 min. to kts 
Latitude of thoſe Places. - | LE 1 Th 
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The Operation by the Logarithms. 
As the Difference of Longitude 1000 Nin, —— — —— - 3.0000000 


— 


To Radius — — <————— 10,0004 
$9 is the Diſtance 799 min —— 2.902546} 


— ww 


To the Sine Comp. of the Lat. 369 58/——— _ 9.902 5468 


— —— 


The Reaſon, why the Latitude of the two Places found by this Operation, differs from 
the Latitude given in the firſt Problem, is becauſe th- Diſtance found by that Problem js 
798 min.+* ; but in the third Problem we take the Diſtance 799 min. being unwilling to 
trouble the Learner with Fractions. 

PROB. IV. To find the Meridional Difference of Latitude between any two Places, 
by the Table of the Logarichmical Tangents. : 

How it was firſt diſcover*d is uncertain, but it was firſt publiſhed by Mr. Henry Bend, 
in the Second Editjon of Gazter*'s Works 1636 z and afterwards by the fame Author, 
 1n the Firſt Edition of Norwood's Epitomy 1645, that the Logarithmical Tang, Comple- 
ments of half the Comp. of the Latitude, are proportional to the Sum of the Secants, 
or the Meridian Line in Mercator's Chart, (commonly fo called) altho *tis certain *twas 
Mr. Wright's Invention, (and ought to bear his Name) as be has made it appearin the 
Preface of his Book z the Correftion of Errors in Navigation, firſt Publiſhed 1599. This 
Analogy was afterwards demonſtrated by the Learned Mr. James Gregory, in his Exerci. 
tationes Geometrice 1668, and very lately by Mr. Edmond Halley, who according to his 

happy Genius hath very clearly and ſuccintly demonſtrated in the Philoſophical Tranſ. 
ons N* 219, publiſhed 1696, that the Logarithmick Tangents, are Analogous to the 
Meridian Line and that as the Meridian Line is a Table of the Difference of Longitade 
to every minute of Latitude on the 4th Rhomb from the Merid5ar ; ſo the Logarithwick 
Tangents are a Table of the Difference of Longitude, to every minute of Latitude to 

ſome determinate Rhomb. And as the Tangent of that Rhomb, to the Tangent of a- 
ny other Rhomb 3 ſo is the Difference of the Logarithms of any two Tangents, tothe 
Difference of Longitude on the propoſed Rhomb, intercepted between the two Latitades 
of whoſe half Complement you took the T angent or Tangent Complement. The Me- 

ridional Difference of Latitude for 1 min. of Lat. from the Equinottial, in the Scale of 
Logarithmick-Tangents (by the common Tables) is 1263, and in Yiacg's Canon Magus 

1263311. 

Therefore as 1263, to x min. ſo is the Difference of any two Legarithmick Tangents 
to the Meridian Difference of Latitude in Minutes, between thoſe two Arches in the 
Quadrant, of whoſe half Complements the Tangents or Tangent-Complements were 
taken. And as 1 min. to Radius, fois 1.263, to the Tangent of 51* 38*; the Angle 
that Rhomb makes with the Meridian, on which the Scale of Brigg's Logarithm-Tan- 
gents, are a Table of the Diff. of Long. Or as 1 min. to Radius z ſo is 1.263311, to 
the Tangent 51* 38/ 9//, as Mr. Haley bas determined it. 

1. If the two Places be both in North and South Latitude, divide the Difference of 
the Logarithmical Tangents, or Tangent-Complements, of half the Compl. of the La- 
tirude to 9o degrees, by 1263, the Quotient in the meridional Difference of Laritade 
i minutes. 

Examp. Suppoſe two places, one in the Lat. 50* 10', the other in the Lat. 37* 54/ 
(hors North or South Latitude) to find the meridional Difference of Latitude between 
tnem. : 

Lat. 50' 10/, Comp. 39* 5o/, + Comp. 19* 55/, 

Lat. 37* 54/, Comp. 52' o&, 4 Comp. 26* 03/, | 

The Log. T. of 19* 55/ 9.5590971 T. C. of 19% 55/————10.4409029 

The Log. T. of 26* 03/ 9.6891430 T. C. of 26* 03/ -10.3108570 


 TheDiffi— ———— ——-—1300459 The Dif. ———— 1399459 


—_—  ——— —_—_ —— — bw 


1263) 1300459 (1029 the Merid, Dif, of. Latitude in Minutes. 


2. If one Place be under the EquinoCtial, and the other in the North or South — 4 
| iyi 


A 
2 
ab 
© F b, 
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Divide the Difference of the Log. Tangents, or Tang. Complements of half the 
Complement of the Latitude, and of the Tangents of 45 deg. by 1263, the Quotient 
i; the Meridional Difference of Laticnde in minutes. 

Examp, One place under the Equinoctial, and the other in the Lat. 50* 19/, to find the 
aftridional Difference of Latitude. 


The Log. T. of 19* 55/ 95590971 T-:C.of 19* 55 —— 10.4409529 
The Log. T. of 45* 00/ —— 10.0000c00 T of 45* 0&'-——10.0:co000 
The Diff, — 4409029 The Diff. " —-—< 4409029 


— 


— —————_—— 


1263,) 4429029 (3490 the Merid. Diff. of Latitude in minutes. 


3. If one Place be in North, and the other in South Latitude. Divide the Sum of the 
' tmo Differences of the Tang, of 45 deg. and the Tangents or Tang, Complements of 
_ the WP of the two Latitudes, by 1263 ; the Quotient is the meridional Difference 

Latitude, 

Examp. Suppoſe one place in the Lat. 50* of N. the other in the Lat. 32* 20/5, to find 
the meridional Difference of Latitude in minutes. 

The Difference of the Tang. of 45*, and the Tang. or Tang. Comp, of 20* &/, is 
4339341, the Difference of the Tang, of 45”, and the ,Tang. or Tang, Comp. of. 28* 
50', 1s 2592328, the Sum of theſe two Differences, 6981669 ;z divided by 1263, the 
Quotient 5527 is the Meridional Difference of Latitude in min. | 

PROB. V. Both Latitudes, and the Difference of Longitude giyen, to find the 
Courſe, the Diftance and the Departure. 

Examp. The Lizard in the Lat. g0*.10' N. and the 
Eaſt-end of St. MichaePs, in the Latitude of 37* 54'N. aA 
the Difference of Long, between them 22 deg. or 1320 Fo 
min; to find the Courſe from the Lizard, to St. Mi- 4 
c<ac['s, the Diſtance and Departure between them, , ” 

In thetwo Triangles A bc and A BC. - i 
Ac repreſents the Diſtance ſailed, Ab the Diffe- Et : b 
C 


rence of Latitude, bc the Departure from the Meridj- 


an (as in Plain Sailing) A B the Meridional Difference ODEIRE  - 
of Latitude, B C the Difference of Longitude, according to Mercator*s Sailing, BAC 
the Courſe, Acb or A C B the Complement of the Courſe. 

The Difference of Latitude in Meridional Parts, found by the 4th Problem, is 1029 


migutes. 
The Operation by the Logarithms, to find the Courſe, 


As the meridional Difference of Latitude 1029 min. ——  —z014154 
To Radius _ —_ —— i6.0:6ec00 
$0 is the Difference of Longitude 1320 min,— = —— 3205739 
To the Tang. of the Courſe 52* 037 a oo ————10.108t585 
The Courſe isS. 52* 03' W. or S. W. almoſt ', W. 
To find the Diſt ance ſailed. 
As Radius - . | — —— _—_——— 000000 
To the Difference of Latitude 736 min. = —— —— 2,968 
$© is the Secant of the Courſe 52* 037 — — 10.2111435 
Tothe Diſtance fail:d 1197 min. ————————————z3.07313 g 
| To find the Departure from the Meridzan. 
As Rafing—— ommmmnmum—_ —_ — cc  -- —_ - ),, cog 
To the Difference of Latitode 736 min. ——— — —— 2.668778 ; 
Solis the Tang, of the Courſe 52* 03'—————— —— —_— | 
To the Departure from the Meridian 943 Min, ——-——— x2.9748493 


gmm—_  _—_—— 
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PROB. VI. One Latitude, the Courſe and Dige. 
rence of Longitude given, to find the other Latitude 
the Diſtance and the Departure. 

Examp, The Lizardinthe Lat. 50* 10/ N. the Couge 
from thence S. 52' 03/ W. and the Difference of Log. 
gitude 22*, to find the Latitude of the other place, the 
Diſtance and the Departure between them. 


C } 
The —_—_ by the Log arithms, to find the other Latitude, 
As the Tang. of the Courſe 52* 037 - — | 10.1079715 
— _ 
To the Difference of Longitude 132@ min, _ a OO 


SOIS Radius — — 


Om rmenetenmmm— D__—_—_—___—_—— — .. 


I'0,.0099c99 
named 
Multiply 1029 by 1263, the Product 1299627, ſubſtraft from 10.4405029 the Tang, 
Comp. 19* 55/ (the half Comp. of 50" 10/,) the Remainder 10.3109402 js the Tang, 
Comp. of 26* 03/, the double whereof 52* 06/, ſubſtratted from go deg. leaves the Lz- 
titude of the 24 place 37* 54* N. ; 

Having both Latitudes and the Courſe, find the Diſtance and the Departure, as in the 
5th Problem. 


To the meridian Difference of Lat. 1029 min. - 


A PROB, VII, 

One Latitude, the Courſe and Diſtance given, to find 
the other Latitude, the Departure and the Difference of 

of Longitude. 

Examp. The Courſe fram the Lizard in the Lat. 51' 
. b 10'N. isS. 52' 03' W. the Diſtance ſailed 1 197 min. to 
_ find the other Lat. the Dep. and the Diff, of Longitude. 
C : B | 


The Operation by the Logarithms, to find the other Latitud:. 
As Radiug ——— - bs -— 


— — -— I 0,0000000 
To the Diſtance ſailed 1197 nin, — ———————————————— 3.07801 
Sois the Sine Comp. of the Courſe 52* 03\ —— —— ——=—-— 9.788565 
To the Difference of Latitude 7365 min.—— ——— n=—_ <6 
To find the Departwre. 
As Radius —— — = anna Innes == 1 ©,COOOCOO 
To the Diſtance failed 1197 min, —————— 0 
So is the Sine of the Courſe 52* 03 - — — — 9. $9682 


IR o— ——_—_—_—— 


To the Departure from the meridian 943 min. 


pm——onemrmermmnnmnmn 72 97 49221 


The Difference of Lat. 736 min. reduced into degrees and minutes, (dividing by 60) 
makes 12* 16/, which ſubſtrafted from the 50* to' N. the Latitude of the Lizard, gives 
37* 54'N. the other Latitude. By the two Latitudes, find the meridian Diff. of Lati- 


dude by the 4tb Problem. | 
| To find the Difference of Longitude. 
As Radius= ——— . = —— «—— I0,0000000 
To the meridional Difference of Latitude 1029 min, ——————-—— 3.0124154 
So is the Tang. of the Courſe 5a* 03 _— mn I0. 1079715 
To the Difference of Longitude 1319 min, ——— —————- -—— x3.1203569 


\ The 
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The Meridional Difference of Latitude in the Scale of Logarithmick Tangents, (o- 
mitting the 3 laſt Figures) 15 1300, and the Angle that Rhomb makes with the meridi- 
an, on which the Logarithmick Tangents become a Table of Diff. of Longitude, is 51* 
z$' : from hence arites another Proportion to find the Diff. of Longitude. | 


e EE Ys 8 Tl 3 Co. Ar. 
As the Tangent of this Logarithmick Rhomb 51 deg. 38. min. — 29.3985296 
To the Meridional diff. of Lat. in the Logarithmick Scale 1 300 —3.1139433 
So the Tangent of the given Rhomb or Courſe 52 deg. 03 min. —19.1079715 
To the Difference of Longitude required 1319 min, — ——— 4444 


PROB. VIII. Both Latitudes, and the Courſe given, 
to find the Diſtance, the Departure and the difference of 
Longitude. 

Examp. From the Lizard, in the Lat. 50 dep. 10 min. 
N. tothe Eaſt cnd of St. MicbaePs, the Courſe is S. 5 2 
dep, 03 Min. W. to find the Diſtance, the Departure and 
Difference of Longitude. Having both Latitude and 
the Courſe, find the Diſtance and the Departure by the - 

C 


zih Problem, and the difference of Longitude by the 7th 
Problem. | 

PRO B. IX, Both Latirudes and the diſtance given, 
to find the Courſe, the Departure and the Difference of = on 
Longitude. 

Examp. T he diſtance between the Lizerd, inthe Lat, 
50 deg. 10 min. N. and the Eaſt end of St. Acbael's, in 
ihe Lat. 37 deg. 54 Min. N. is 11$7 min. to find the c : y 
Courſe, the D-parture and the difference of Longitude. _ : 

| gu F: 


| 
| The Oper ation by the Logarithms, To find the Comrſe. wy A B 
As the difference of Latitude 736 min, — — — —— 2,8668778 
To Radins —— — _— — — 10,C0009;0 
Sois the diſtance ſailed 1197 Min.———— — m—.0941 


To the Secant of the Courſe 52 deg. 03 min. —— -—— —10.2112163 


—_— 


Baving both Latirudes and the Courſe, find the Departure by the 5th Problem, and 
_ thedifference of Longitude by the 7th Problem. 
PROB. x. Both Latitudes, and the Departure gi- 


ren, to find the Courſe, the diſtance and the difference 6 A 
of Longitude. | 
Examp. The Lizard in the Lat. 5o deg. 10 min. N. 4 + 
add the Eaſt end of St. MichaePs in the Lat. 37 deg. 54 | 
min, N. the Departure between them 994 min. to find p 
the Courſe, the. Diſtance and the difference of Long- C | : 
© - 
The Operation by the Logarithms. To find the Courſe. C | - B 
As the difference of Lat. 736 him. ———— —2.8668778 
To Radius _— in — — —— 1 0.0COC000 
S0 1s the Departure 944 min» gr — —— 2 97497209 
. To the Tang. of the Courſe 52 deg. 03 min, ——— —————-— 101080942 


—  _- — 


Having both Latitudes and the Courſe 3 find the Diſtance by the 5th Problem, and the 
ifference of Longitude found by the 7th Problem. 

PROB. Xl. One Latitude; the Courſe and the De- 
parture given, to find the other Latitude, the diſtance, 
and the difference of Longitude. | 

Examp. The Courſe from the Lizard in the Latitude 
50 dep. 10 min. N. being S. 52 deg. 30 min. W, and the 
Departure 944 min. to find the other Latitude, the di- 
ſtance and the difference of Longitude. 
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The Operation by the Logarithms. To find the other Latitude. 
As the Tanzent of the Courſe 52 deg. 03 min.- F 


TO, 1079715 
—— 


To the Departure 944 hi ———_—_ ———974} 
G0 is Radius —— — —— ——10.0000000 


To the difference of Lat. 936 min.- mu ___ 2 ies 
To find the Diſt ance, chage. 
As the Sine of the Courſe 52 deg, 03 min. —_——— _— ———9. 963280 
To the Departure 944 Nih_——— — —2,9749720 
So is Radius ——— 7 fo} 


_—_ cc 


To the Diſtance 1197 min. —=— ——_— ——————c— LS 
Find the difference of Longitude as in the 7th Problem, 


PROB. XII. One Latitude, the Diſtance, and the De. 
parturs given, to find the Courſe; the other Latitude 
and the difterence of Longitude. 

Examp, The diltance from the Lizard in the Latitude 
50 deg. 10 min.N.To another part bearing South-weſter- 
ly is 1197 min. and the Departure between them 944 m. 


to find the Courſe, the other Latitude and the difference 
of Longitude. 


G ER OY 


| The Operation by the Logarithms. To find the Courſe. 


As the diſtance I 197 MIN, —— TO = i 3.07809z21 


—— 


To Radius —— _— I S000 
So is the Departure 944 Min.—— Ch 


pm ——_m_o—————_— mw 3 TS 


_— 


To the Sine of the Courſe 52 deg. 03 min,————_———9,$968779 


o————— c—— 


Having the Departure and the Courſes, find the other Latitude by the 1 1th Problem, 
and the difference of Longitude by the 7th. X 


PROB. XIII. One Latitude, the Diſtance and difference of Longitude given, to find 
the Coarſe, the other Latitude and Departure. | 


PROB. XIV. One Latitude, the Departure, and the difference of Longitude given, 
to find the Courſe, the other Latitude, and the Diſtance. 

The Reſolution of theſe two Problems are wanting, to compleat the Do&rine of 2er- 
cator*s Sailing; and be that ſhall perform it, will have the Honour to make a further 
Improvement, in the Science of Geometry. 


CHAP. X. Salling by @ Great (ircle. 


ww E will now ſhew you the way of Sailing by the Arch of a 'great Circle, which 

is the neareſt way of Sailing of all others, if a Man may have Winds to keep 
near the Arch that goes over the two Places propounded ; and that there are 10 
Rocks, nor Sands, nor Iſlands, that lie in the way. 

And this Sailing by the Arch of a great Circle, will prove a great adyantage when 
your Courſe lies near Eaſt and Weſt ;, for Song Eaſt or Weſt, you truſt altogether t9 
the Dead-Reckoning (by the two former ways of Sailing) but by this way you help your 
ſelf by altering your Latitude ſeveral deg, by which you may reCifie your Account. Ex- 
ample. Admit you were to ſail from Avero 0n' the Coaſt of Portugal, to the Bay on the 
back ſide of Aqu, near Virginia, which lie both near the Latitude of 40 deg. and 
ſuppoſe the difference of Longitude between theſe two places be 70 deg. The diſtance 
of the two Places Eaſt and Weſt is 53 deg.and a half and ſomething more but the di- 
{tance in the Archof a great Circle is bus 52 deg, and a little more ; that is, 1 deg. ans 

abou 
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out half leſs, which is but a little benefit to this, which js the 
chiefeſt. That 10 ſailing between two ſuch Places by the Arch of a 
eat Circle, you will in the firſt half of the way raiſe the Pole 5 rwo places in Lati- 
. 41 min. and then ja the other balf depreſs the Pole as much; ſo rude 40 dep, and 
in the whole Voyage you will alter your Latirude 11 deg. 22 m. 4f, of Lons. 70 d. 
Mireral Courſes 3 by which you may reCtifie your Dead-Reckon- is the Lie PÞ. W. 
izg, which you cannot do in failing upon a Parallel of E:it and »n the Diazram of 
Weſt; ſo that you ſee It 1s the beſt way of ſailing, as well as the the 13 Chap. of 
reareſt, eſpecially in ſuch Voyages, if the Wind fayour you. If the part of the Globe 
the two Places lie under the AquinoCtial, or uader the ſame Meri- 6 Plano. 
tian, the diſtance beiween them is thus found. If the two Places 
haye no Latitude (being both under the ZXquator) the Longitude is the diſtance in deg. 
10d min. If both Pl-ces agreeing in Longitade, have Latitude alſo of like denomina- 
jon, (both Latitudes Northerly, or both Southerly ) then. ſubtra® the leſſer out of the 
greater, theremain is the diſtance. Bur if both Places in one Meridian, kave one Lati 
de, and the other Southerly Latitude, add them together, the ſum is the diſtance j 
Degrees. 


CHAP. XI. Two known Places, one of them having no Latitud : the other baving Latitude 
and Difference of Longitude ,, To find, 1. Thew Diſtance in a Great Circle, 2. The Dj. 
reft Poſition of the firſt Place fromthe Second. 3. And the ſecond Place from the firſt, 


The Firſk Scituation. 


(rſt, If and two Places being propoſed, the one under the XquinoCtial, the other 
Ficas in any other Latitude given, either North or South, and the differcnce of 
Loogitude of the Places being known ;, you may find the three things before ſpoken of, 
7 the following Directions. We call the Angles which the Arch of a Great Circle 
make with the Meridians of thoſe Places, the Angles of Poſition. Now in the following 
Diagram, let FF be the Entrance of the great River of Amazons, under the A quator 3 
AQthe Equator, and let C repreſent the Ifland of Zandy, lying in Latitude, 51 deg. 
1 min. Northerly, and CQ the Meridian thereof : and ſuppole the dificrence of Lon- 
ritde A Q to be 41 deg. 22 min. 


The Stereogr apbick Pr oje@ $01. 
With a Chord of 5o deg. deſcribe the Circle ENQ S, and draw the Equinoctial 


EQ, crolling it at Right Angles with the Line NS N, being the North Pole, and $ 
te South. Let A repreſent the River of the Amazons, then by the Line of Natural 


Tangents, lay off the Tangent of half 48 d. 38 m. the Compl. of the Diff. Long. (viz. 


This Arch of a 
Great Circle over 
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-2n9. 249. 19M. Or 24d. ;) from HtoG, and deſcribe the Meridian NGS. La 
che Chord of Ki d. 22 m. from X& and Q to X C,and the Tangent of half 51 d. of * 
(viz, 25 d.41 m.) from H to M, and deſcribe the Parallel Z MC, cutting the Meridia 
NG Sin the Point Z, which repreſents Landy : then the Arch XZ ZQ, paſſing by the 
Point Z, which is the Arch of a Great Circle paſſing from the Amazons to ; &q 
' X Z.is the diſtance in the Arch from the Amazons to Lundy ; and the Angle N X Z js the 

Angle of Poſition from the Amazons to Lundy, and N Z Z is the Angle of Poſition from 
Lundy tothe Amazons. 


By the Logarithms. 


N the Quadrantal Triangle  Z N, there is given N Z, and the Angle ZN &, tg 
find K Z., and the Angles Z ANand ZE ZN; or in the adjacent Right-angled Ti. 
angle X& Z G (Right-angled at G) there is given G Z the Complement of N Z to go deg, 
and X G the meaſure of ZN Z, to find X Zand the Angles G A Z (and the Conyle. 
mentof NZ to 180 deg.) and G ZZ the Complement Z X N to go deg. 


For the Diſtance in the Arch FE Z. 


As Radius is to the Co-ſine of difference of Longitude 41 deg. 22 min..———g875z4 
So is Co-ſine of the Latitude 51 deg. 22 min. —  —— 994 


. ——_ 
To the Co-ſine of the Diſtance 62 deg, 04 min.—— — 


—967075 
Which converted into Leagues, is 12.37; the neareſt diſtance between thoſe twoPlaces, 


For the Angle of Poſition from the Amazons towards Lundy, G X Z the Complement 
of N XZ to go deg. 


As the Radius to the Sine of the Diff. of Longitude 41 deg, 22 min, — —— g$2913 
So is the Co-tanyent of the Latitude 51 deg, 22 min. 


Og 
To the Co-tangent of the Angle —— — 


Fe; en nn We ren 
For the Angle of Poſition G X Z, 62 deg. 10 min. whoſe Complement to 90 dep. is 
27 deg. 50 min. the Angle N ZX Z from the Amazons to Lundy, 


As Radius 90 ls to Sine of the Latitude 51 deg. 22 min. QC 
So is Co- tangent of Diff. of Longitude 41 deg. 22 min. 


—_ 
AQ— ——— 1065522 


To the Co-tangent of the Angle Z Z G 48 deg. 26 min. ſs: 5 8 


———— 


Whoſe Complement to 180 deg. is 131 deg. 34 min. the Angle ZN. | 
PROB. 2. How to find the Great Circle's greateſt Lat, N. or S. or the Obliquity. 


Ote, Without the Knowledge of the true Quantity of the Obliquity or Latitude of 
that Great Circle, which will paſs direaly oyer the Places propounded, there can 
be no compleat Demonſtration, much leſs Arithmetical Calculation of things pertaining 
thereunto ; therefore it is needful that the true Quantity of each Great Circle's Obliqu- 
ty be diligently found toexadt certainty : which ro do, it ſome Caſes is very eaſe, and 
in ſome again more difficult. Therefore I will propound Rules for the ſeveral Scituations 
following, except thoſe that are ſcituate under the Xquator,or under the ſame Meridian. 
one Place be under the Xquator and hath no Latitude, and the other hath any quantity 
of Latitude, and the difference of Longitude being leſs than 90 deg. as before 41 deg, 
22 min. it is eaſily found, thus : 


The greateſt Obliquity in the foregoing Diagram is H R, or the Angle G X Z. 


As the Sine of the found diſtance 62 deg. 4 min. ———- : Du 
Is to the Sine of the Latitude 51 deg. 22 min,———— — "+ ed. 


— . -——O———— 


So is the Radius (added to the laſt Number) — | ; 
To the Sine of the greateſt Obliquity 62 d. 09 m. ONE mos ern ation RET 


So 62 deg. 9 min. is the greateſt Obhquiry or Latitude from the Zquator,of that Great 
Circle extended over thoſe two Places. 


Bur if the difference of Longitude be 90 deg, as Z H, and one of the Places have ro 
Latitude, and the other have any quantity of Latitude ; then it is evident ro Reaſor, 


2$ 
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25 in the foregoing Diagram may appear, that the ſecond Place is ſcituate in the Point of 
the greateſt Obliquity, which is never above go deg.as H N; and the other Place beiog 
in the Point of InterſeCtion of the ſaid Great Circle with the Equator. 

4 For Note, That every Great Circle that paſſeth over any two Places propounded, cuts 
the e/£quator in two oppoſite? Points 180 deg. from each other, as the Ecliptick Line doth 
inthe two Points of Aries and Libra, whoſe greateſt Obliquity 23 deg, 30 min. the Sun's 

cateſt Declination. 

Now if one Place have no Latitude, nodeg. no min. and the other have any quantity 
of Latitude, the Difference of Longitude being more than 90 deg. to find the Obliquity 
of the Great Circle pafling over thoſe Placesz Proceed thus, 

As admit one Place Latitude no deg, no min. and the other 51 deg. 22 min. Difference 
of Longitude 138 deg. 38 min. diſtance betwixt them is near 1 17 deg. 56 min. There- 
fore take the diſtance out of 180, and there remains 62 deg, 04 min. 


As the Sine of the remainder 62 deg. c4 min. — ———94620 
Is to the Sine of the Latitude 51 deg, 22 mig. ———— _ —— 
So is Radius — _ — — — i 
To the Sine of the greateſt Obliquity 62 deg. og min. ——— 994653 
As in the former Example ; And ſo you may make for any Queſtions of this nature. 


The Second Scituation, 


Econdly, There may be two Places both Scituated in any Parallel of Latitude, betwixt 
the Artick and Antarrick Poles, differing only in Longitude. 
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PRQB. 3; Admit there be two Places both 3n the Latitude of 51 deg. 22 min. and their Diffe: 
rence of Longitude be 52. deg. 55 min. 1, To find the neareſt Diſtance of thoſe rwo Places, 
2. The dirett Poſition of the one Place from the other. 


The Stereographick Projettion. 


Anz drawn the CircleNQS Z and the Lines NSand ZQ, take off the Line of 

Chords, the Latitude of the Place 51 deg. 22 min. and lay from ZX X, and from 

Q toCy and take off the half Tangent the ſame Latitude, and lay from K troO; ard 

through theſe three Points draw the Parallel of Latirnde X OC; the Complement of 

the Difference of Longitude laid from R to L by the half Tangents draw the Meridia 

Circle NL'S, the ſecond Place is at R, and firſt at C3 Dhernlors draiy the Circle wemah 
n tbr 


—— 
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_ a —_ — 
through R to B, and meaſure K | on the balf Tangents, and you will find it 21 deg, ang 
a Quarter, Complement to go deg, is 68 deg, three quarters the Angle of Poſition N CR. 
Now from the half Tangents take 68 deg, and three quarters, and lay it from the Cen. 
terKtoF, and from E draw through the Point of InterſeCtion at R the prickt Lin 
ERF; and meaſareCF on the Lineof Chords, and you will find it 32 deg. and a quar- 
ter for the Great Circle's Diſtance. 

Inthe Seventh Problem of ſailing by Mercator's Chart, you may ſee there was re. 
quired the Diſtance of theſe two Plages meaſored in tlie Parallel, and found to be 660.,:. 
But here is required the neareſt Diſtance in the Arch of a Great Circle : Work thus by 
the Tables of Logarithms. 

For the Diſtance, 


As the Radius, is to the Sine Compl. of the Latitude 38 deg, 33 min. 79841 
So is the Sine of half the Diff. of Longit, 26 deg. a7 min. — 954855 


A ———— 


To the Sine of - half the Diſtance 16 deg. 0g min.———— ——g 


Which doubled is 32 deg. 18 min. and this converted into Leagues and Miles, is 645 
Leagues, and 1938 Miles, the neareſt Diſtance; and leſs than the Diſtance meaſured in 


a Parallel by Miles 42. 
To find the Angle of Poſition, | 
As Radius 90, is to the Sine of the Lar. 51 deg. 22 min,— — 992}; 
So is the Tangent of half the Diff. of Longitude 26 deg, 27 min. =— 96567 


Tothe Co-tangent of the Angle of Poſition 68 dep. 465 min.- - 958951 


PROB. 4. f | WWO Plates having both the ſame Latitude, as 51 deg, 22 min. ard 

towards the ſame Pole, whether North or South, and Difference 

of Longitude 52 deg. 55 min. or any number of deg. under go : (If above 90 take it 

out of 180, and work with the remainder the ſame manner of way) To find the greateſt 
Latitude by which the Arch paſſes, or the greateſt Obliquity. 


As Radius go, to Co-tangent of the Latitude 51 deg, 22 min; ———— 990257 
So is the Co-ſine of half the Difference of Longitude 26 deg. 27 min.-— 995197 


To the Compl. Tang, of the greateſt Obliquity 54 deg. 25 min. 985464 


So that the greateſt Obliquity is 54 deg, 25 min. And the ſame Proportion will hold 
for any Queſtion of this Nature.i 


PROB. 5: The Third Scituation. 


One Place having North Latitude, and the other Place having South LatituMe, of dif rent 
uantities, and the Diference of their Longitudes leſs than 90. As admit one Place having 
North Latitude, as Lundy, 51 deg. 22 min. the other South Latitude, as the Riode la 
Plata, 35 deg. no min, Difference of Longitude betwixt them 45 deg. 55 min. 1 demand the. 
Diſtance, the Angle of Poſition, andthe greateſt Latitude or Obliquity of the Great Cirile 
that paſſeth over theſe two Places. 


A Fter you havedeſcribed the outward Meridian N E S A,and the Lines N Sand AE, 

take from the Line of Chords the Latirude 51 deg. 22 min. and lay it from E toP, 
and draw the Line P CO, and HC MatRight Angles to P O, take off the Line of half 
Tangents, the Complement of the Difference of Longitude, to 90 deg, viz. 44 deg, and 
lay it from E to F, and draw the Meridjan-Circle N F $, whereon lay the Latitude, of 
Rio de la Plata 35 deg. from F toR, by taking 35 out of the Line of Chords, and laying 
it from E to 35, and the half Tangent of. 46 deg. from C to the Pole, and draw the 
prickt Line Pole 35,which cuts the Circle N F $ in R,which is R:o de /a Plata; and through 
R.dray the Cixcle Þ R O, and meaſure CN on the balf Tangents, you will find it to 
be 54 og 4 which adding 90 deg. makes the Angle of PoſitionNPR, 144 deg, Then 
take the Tangent af 36 deg. and lay from C to K, and draw the prickt Line from 
K through R, and it will cut the Circle NES AatT; therefore meaſure T P on the 
Lane of Chords, and that is the meaſure of R ÞP 95 deg," for the Diſtance, the greate!: 


Latitude or Obliquity is V L W, which touches the Parallel of 68 deg.;, the greatel: 
Circle PR O. by, 
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|  Bythe Logarithms ; To find the Diſtance in the Arch.  ” 
As Radius to the Co-ſine of Differ, of Longitude 45 deg, 55 min.— 


984242 


Ce. Mm 


| 
So is the Co-tangent of the greater Latitude 51 deg. 22 min.——-———— ggo267 
To the Tangent of the firſt Arch 29 deg, 05 min.—— _ — —=974509 


The leſs Latitude 35 deg. and 90 d. makes 125 d. Take the firſt Arch 29 d. 5 min, 
therefrom, and there remains 95 d. 55 m. which is the ſecond Arch. Then, 


As Co-ſine of the firſt Arch, 29 deg. 05 mig. ———- - —— ——994 146 


ls ro the Co-ine of the ſecond Arch 95 deg. 55 min. ——-—-—————=g01313 
So is the Sine of the greater Latitude 51 deg. 22 NN, —— — — — 999273 


Take —8z 43 


—  _—_—_” RN ——_ — 


To the Co-ſine of 95 d. 17 ,————1$90Y91 Sum 


And there remains--95 17 The Diſtance —— 6 G $96445 
To find the Angles of Poſition, NPR andP R N, in the Oblique Triangle NP R 


Co. Arith: 
As Sine PR the Diſtance in the Arch 95 deg. 17 min.———-——-———o.cor8y 
To SineP NR the Diff. of Longitude 45 d. 55 m. —— 9.632 
S9 is Sine N R theleſler Latitude 35 d. and 90d, — 125d. no min. — ——9.91336 


Out of —— -— 1$0 4d. no { 


To Sine NPR 143d. 47 m. which is the Angle of 


Poſition from Lundy to Ris de la Plata. OO AVANT, £9:77033 
Co. Arith. 

Then as Sine PR the Diſtance in the Great Circle 95 d. 17 m, ——— 0.00188 
To Sine Þ NR the Difference of Longitude, 45 d. 55 m.—a — 9.85532 
$ is Sine NP the Compl, greater Latitude, 38 d. 358 M— —— —— {43 


1 ——— 


ToSineNRP 26 d. 46 nm. 15 the Angle Of=nn—_—_—_— ; 
Poſition from Rio de la Plata to Lundy one OE $359 


© To find the Obliquity, or the greateſt Latitude by which the Arch paſſes. 


As Radius to the Co-ſine of the greater Latitude, 51 d. 22 m.———— — 979542 
S01s the Sine of theogreater Angle of Poſition 143d. 47 1. ——  ———977147 


To the Co-ſine of the greateſt Latitude, which is 68 d. 22 m.—— ———9.5568s 


PROB. 6. The pkg Scituation. 
The Latitude of two Places both in one Hemiſphere being given, together with the Difference 
of Longitude , to find, Firſt, the Diſtance in the Arch of a Great Circle. Secondly, The 
le of Poſition from the firſt Place to the Secend. And, Thirdly, From the Second Place 
to the firſt, And Fourtbly, The Circles greateſs Obliquity that paſſeth over theſe rao Placer. 


Au" L H be Lundy in the Latitude, 51 deg. 22 min. and Longitude 25 deg. 52 thin: 
(from the Weſt end of St. Michael's and B the Barbadves in the Latitude 13 deg. 
10 min. and Longitade 332 deg 57 min. and Diff. of Long. 52 deg. 55 min. 

Lay down firſt the Latitude 51 deg. 22 min. fromQ to L; Secondly, the Difference 
of Longitude Q F 52 deg. 55 min. and draw the Meridian-CirclePFS ; then lay down 
the Latitude of Barbeders from Q to 13, and take of the half Tangent Line Q F 52 deg. 
55 min. and lay fromC to K, and draw the prickt Line, which will cut the Meridian- 
PF SinB, the Latitude of Barbadees, 13 deg. 10 min; Through B draw the Circle L BN, 
ſothe Angleof Poſition from Lundy to the Barbadees is B L Þ, whoſe meaſure is H t12 5 
then take off the Line of half Tangents, 68 deg. and lay it from C to Pole, and the 
Line from Polc through B, and it will cut the Limb in G : Therefore meaſtre G L on 
the Line of Chords, you haye 57 deg. for the Diſtance. 


To 


W..-- 
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To find the Diſtance by the Logarithms, 
As the Radius, is to the Co-ſine of Diff. of Longit. 52 deg. 55 min.————97Jcp 


So is the Co-tang. of the greater Latitude 51 deg. 22 min,—— 


990267 


— 


on — 


To the Tangent of the firſt Arch 25 deg. 44 min. _ 968297 


Take 25 deg. 44 min. from 76 deg. 50 min. the Complement of 13 def; 10 ntin, the 
teſs Latitude, and the remain is 51 deg. 06 min. the ſecond Arch. 


As the Co-ſine of the firſt Arch 25 deg, 44 min.-——995464 


_— 


Is to the Co-ſine of the ſecond Arch 51 d. 06 m.—979793 br hnd the Diſtance. 
So is the Sine of the greater Latitude 51 d. 22 M,——989273 


\ 1969066 
To the Co-ſine of the Diſtance 57 d; no m.— 973602 
Which is the Diſtance in the Arch of a Great Circle, being 1» Zeaguez leſs than by 
Mercator's Chart, and leſs by 166 Leagues than by the Rhomb on the Plain Chart ; which 
confirms this to be the neareſt of all ways of Sailing betwixt any two'Places. 
To find the Angle of Poſition from Lundy to Barbadoes. 
. As the Sine of the Diſtance 57 deg. no min.———_— 


992359 


Is to the Sine of the Difference of Longitude 52 deg. 55. MIN. —-— ———9g90tb7 
So is the Co-ſine of the leſs Latitude 13 deg. 10 min. — 998843 

T5 | 1989030 
To the Sine of the Angle of Poſition —————— 


CUT \ — 
Which is 112 deg, 09 min. 


To find the Angle of Poſition from Barbadoes to Lundy. 
As the Sine of the Diſtance 57 deg. no min;—— 


To the Sine of the Difference of Longitude 52 deg. 55 min. —— 


- — 990187 
So isthe Co-ſine of the greateſt Latitude 5 1 deg, 22 NI, ——— ——— 


uu ___—— 


1969728 


ToSine of the Angle of Poſition 36 deg, 26 min. —— 


Cynon CAST At IRR — — 977369 
To 


Chap. | X1l. ; Of Sailing by 2 Great Circle. 


To find the Obliquity. 


As Radius to Co ſine of leſs Latitnde 13 deg. 10 min. — —z;; 
So is the Sine of the leſſer Angle of Poſition 36 deg. 26 min.—— —— —— $77370 


© To the Co-ſine of the greateſt Obliquity 54 deg. 40 min. —976213 
CHAP. XII. To deſcribe the Globe in Plano, by the Mathematical Scale. 


Heſe, and all other Queſtions of this Nature, concerning the Reſolution of any 
Spherical Triangle, may very eaſily be performed by the Globe : Bur becauſe 
the Globe is a chargeable Inſtrument, and ſo every one cannot have it, therefore ſeveral 
Men have invented divers ways to projed the Globe upon a Plain, as Gunter bath them in 
his Book of the Se@or. The fitteſt for this purpoſe will be that of Gemma Friſies, which 
is moſt nſed in the large Maps of the World, the Projection whereof is as followeth. Firſt, 
By the Chord of 60 deg. deſcribe the Circle &NE S, and by the Chord of go deg. di- 
vide it, into four parts as Z E for the «/£quater, and N S for the primary Meridian : Then 
by taking off every 5 deg, of the Chord, you may divide each Quadrant, and number 
them as in the Figure: Then take off your Line of half Tangents in your Scale every 
5 deg. and lay them from the Center C on the four Quadrants, and number them as they 
are in the Figure ; ſo ſhall you divide the Diameters X E the ZEquinoCtial, and N $S the 
Meridian. Now you have divided the Diameters, they will guide you in the drawing 
of the Meridians from Pole N to Pole S, which are Circles 3 as likewiſe are the Parallels of 
Latitude. | th : 


7 


] 
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How to find the Centers of the Meridian Circles, | 


You may find the Centers in the Diameter ZE, if you extend the Compaſſes. to. the 
Secants of every 10deg. and with that Diſtance put one Point at 10 deg. in the Semi. 
diameter ZZ C, and the other Point will fall in E C,ard be the Center of the Meridian Ml 
the firſt 10deg. from &, and do the like for any other deg. continuing the Diameter 
when need ſhall require it. 


How'to find the Centers of the Parallels of Latitude. 


For the Parallels of Latitude, take the Complement of the Latitude from your Line 
of Tangents, put one Point in the deg. of Latitude, the other will {tand in the Center, 


Example, If you will draw the Parallel of Latitude for 60 deg. take off the Tangent- 
line of yourScale 3o deg, theCompl. 60 deg. of Latitude,and the other will fall upon V the 
Center of the Parallel of 60 deg. in the Semi-diameter N $S,continued beyond the Cirde. 
So take the Tangent of 40 deg. and it will draw the Paralcl of 50 deg. whole Center is 
at X, and ſodoindrawing all Parallels of Latitude. 


The Four Scituations that are on the Globe. 


The Firſt Scituation, F is the Point for the Mouth of the River of Amazons, Z Lun. 
dy, C R the Obliquity, E the other Poiat of Interſeftion with the AXquator, N R the 
meaſureof the Angle of Poſition from Amazons to Lundy, X Z the Diſtance from Ama- 
2ens tO Lundy. 

The Second Scituation. Lis the firſt Place, E F is the Difference of Longitude, YT ig 
the ſecond Place, and "7 H is the meaſure of the Angle of Poſition, 1r the Diltance, 
The greateſt Obliquity of that Circle N r1. is at W, 

The Third Scituation, L is the firſt Place Lundy, E p is the Difference of Longitude, R 
1s the ſecond Place Rio de Plata, S £ the greateſt Obliquity, H n the meaſure of the Angle 
of Poſition from Lundy, L R the Diſtance from Lundy to Kio de Plata 

The Fourth Scituation. The firſt Place is at L, Lundy ; Difference of Longitude is E F, 
the ſecond Place Barbadoes at by HR is the meaſure of the Anzle of Potition frem 
Lunay, and b L the Diſtance from Lundy to tlie Barbadoes. 


CHAP. XIII. Howto calculate what Degree and Minute of Latitude the great Circle 
ſhall paſs through for any Degree and Minute of Longitude, from the Meridian of the great 
Obliquity. 

By the Latitude of two Places, the Difference of Longitude betwixt them and the Obliquity of 


the great Circle paſſing over both Places being given , io find the Difference of Longitudz 
of each Place fromthe Meridjan of the greateſt Obl; aity. | ory 


T Etthis be our Example. - Zunay in North Latitude 51 deg. 22 min. and Barbadees in 
North Latitude 13 deg. 10 min. and the Difference of Longitude 52 dep. 55 jvin- 

and the greateſt Obliquity 54 deg, 40 min. Work firſt with the leſs Laticude, to find 

the Difference of Longitude from the Meridian of Obliquity of both Places. Thus, 


As Radius to the Co-Tangent of Obliquity 54 deg. 40 min. ———— 9.85059 
So1s the Co-Tangent of the leſs Latitude 13 deg. 10 min.———— -9.36gCg 


To the Co-ſine of Diff. of Long. of Barbadees 80 deg. 27 min. — 9.21963 
Becauſe the difference of Longitude of Barbadoes from the Obliquity is more than the 
Difference of Longitude betwixt the two Places, therefore ſubtra&t the Difference of 
Longitude between the two Places 52 deg. 55 min. from 80deg. 27 min. and there re- 
mains the Difference of wn 4p of Lundy from the Meridian of Obliquity 27 deg. 32 
min, But if the Difference of Longitude from the Obliquity had been leſs than the Difie- 
rence of Longitude betwixt the two Places, then ſubtract the Longitude of the ſecond 
Place from the Obliquity from the Difference of Longitude berwixc che rwo Places, and 


the Remainder had been the Ditference of Longitude from the Meridian of Obliquity, 
to the firſt Place 


To find by what Latitude the Arch ſhall paſs at any Degree of Longitude from the Meridian of 
the greateſt Obliquity, 


Suppoſe the Longitude from the Meridian of the greateſt Obliquity be 30 deg. th* 
Proportion Is as follows. AS 


_—_ FRI WI" 


y 
” de 
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As Radius to Tangent of Obliquity 54 deg. 42 min. ——1C 14941 
So is the Co-ſine of Diff. of Longitude from Obliq. 30 deg. 09——-— 9.93753 


SO RO ——— 


(T0 the Tangent of the Latitude 50 dep. 42 min. 


ow 10.035g94 


After the ſame manner I made this Table of an Arch of a great Circle, extended 
from Latitude 51 deg. 22 min. to Latitude 13 deg. 10 min. Difference of Long, 52 
leg. 55 min. for every 5 deg. 55 min. that is, for every 5 deg. Difference of Long. 
Theſe are the Latitudes the great Circle will paſs through. 


Iv. of Longit, CHAP. XIV. Bythe Scale of Tangents to projett part of 
frm Oblig. | Latitude. the Globe in Plano, whereby you may tr ace out the Latitudes 
Lundy. FO to every Degree of Longitude, or to every 5 or 10 Degrees. 

Deg. Min|Deg. Min. | 


Y the Line of Tangents on the fide of your Mathema- 
tical Scale, you may make the following ProjeCtion, 
which is performed by Philips in his Geometrical Seaman, 
pag. 5, by Tables. 
Firſt, Conſider your leaſt Latitude, and take the Comp. 
thereof, and ſet it off from A towards D, as | have done, 


50 ©O he” w by taking of 77 deg. from the Tangent-line of my Scale, 
| 4 = 3 ij and ſetting it from A the Pole to D, for 13 deg, on the 

i 4 North ſide of the Equator, or 13 deg. of North Latitude, 
| oY 2 wy (which is the Complement of 13 to yo deg.) Then make 
> pas nF. the other ſide of the ſame length, and draw the Quadrant 
{75 OO a. 09 | DE: 7 hen with your Compalles take off the Line of 1 an- 
{ 80 27 + 8.4... gents the ſeveral Degrees, and draw the Arches or Parallels 


o Latitude, as you ſee I have done in the Figure. Thirdly, divide the Limb ot the 
Arch D Einto go deg. and through every 5 or 10 deg. draw Lines of Longitude, or 
Meridian-Lines. The Arches of Latitudes muſt be numbred as in the Figure ; bat the 
Lines of Longitude you may number from either ſide, as occaſion requires. 
You may, if you will, divide a Circle into four Quadrants, and draiv the Lines of 
Longitude from the Center ; and you may make this as large or as little as you will, by 
the Tables of Natural Tangents in the Second Book, as you have been ſhewed how to 
knzthen or ſhorten your Radius z you may number the Circle of Longitude with 390 
Degrees. : : 

The Blank Quadrant, being thus made, will ſerve for many Examples ; eſpecially if 
ſou make it npon a Slate, that you may wipe out the Arch, that is lightly drawa by a 
Sate Pen betwixt any two Places. You may ſet down therein the two Places you arc to 
fl between, according to their Latitudes and Longitudes;z and then only by your Ruler 
raw a ſtreight Line from the one Place to the other, which will repreſent the great Ciccle 
nhich paſleth between thoſe two places, and will croſs thoſe Degrees of Loigicude and 
Latitude which you muſt ſail by. 

Suppoſe a Voyaggfrom Lunay in Latitude 51 deg. 22 min. to Barbadves, in Latitude 
1; deg. 16 min. Difference of Longitude 52 deg. 55 min. 5a find by what Longitude 
and Latitudes the Arch of a great Circle drawn between thoſe two Places dath paſs. 

Firſt, Let the Line A D repreſent the Meridian of the Ifland of Zandy, marked out 
by L for its Latitude 51 deg. 22 min. and the Longitude thereof 25 deg. 52 min. at D. 
Then from D in the Limb or Arch of the Qvadrant, count the Diff. of Long. 51 dez. 
55 min. and this is the Meridian of the Iſtand of Barbadoes, on which you muſt mark 
out the Latitude 13 deg, 10 min, at B; lay a Ruler from the firſt Layitude L, to che 
ſecond at B, and draw the ſtreight Line L B which repreſenteth the Arch of a grezt Cir- 
cle between the two Places; and if you guide your Eye along in this Line, you may rea* 
dily and truly perceive by what Longitudes and Latitydes you ſhould fail : For where 
this Line crolleth the Arches of Latirude, and the Lines of Longitude, that ſhews rhe 
true Longitude and Latitude of the Arch according to your delire. Now the truth here- 
of wilt more evidently appear, if you cempare the Latitudes and Longicudes which this 
Lice interſeteth, with the Table, before calculated for eyery 5 deg- of Longitude. 
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You may ſeeby the Figure, that the Line B L in the 
"I _ 1 by G Gy F, B, by h, 1 B doth croſs the 
” arallel of Latitude, in the thi lumn of this Ta- 
D. 4D. M4)D. 41D. M4. ble, at the number of Degrees from the Meridian of 
52 55] 7 32]51 220 oo Lundy, as in the 4th Column of the Tables. 
2 2$|z0' ooo 4qiſo2 28 
5 oc135 on o7]07 28 Example. 
5 oolgo Oo 13]i2 28 
5 O9[45 oo 5917 28] | would know what Degree of Latitude 47 deg 
5 ool5o bolgz 122 28|' 28 min. of Longitude from the firſt Meridian dot 
| 5 ool55 oolz8 58|7 28| crols; and I fee by the Figure itis as the Table ſhew 
5 ooſs0 oolzs 12|zz 28} that 2odeg. 30 min. of Latitude. 
5 ooſs5 oojzo 4937 28 And ſoinlike manner you may lay down upon t 
5 ooſ7o ooſzts 46/142 28| former Quadrant any two places howſoever ſcituat 
5 oolns oojſzo 3olg7 28þ by their Latitudeand Difference of Longitude. 
5_27180 27113 1ols2 551 CHA 
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Diferece of | ; | of , , 
of \Longitade Latitude, [Longitude] You may ſee by the Figure, that the Line B L in the 
Longitude j fo ow \ Pointsa, b, c, d, e, F, g, h, i, k, B doth croſs the 
EE Y" | Parallel of Latitude, in the third Column of this T4- 
D. M4. — 441- 44:| ble, at the number of Degrees from the Meridian of 
P Lundy, as in the 4th Column of the Tables. 
Example. 
I would know what Degree of Latitude 47 dep. 
- 28 min. of Longitude from the firſt Meridian doth 


croſs : and I ſee by the Figure iris as the Table ſhew- 
eth at 20 deg. 30 min. of Latitude. 

And ſoinlike manner you may lay down upon the 
former Quadrant any two places howſoever ſcituated 
. by their Latitudeand Difference of Longitude. 


CHAP. 
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Chap. XVI. byan Arch of 4 Great Circle 137 


CHAP. XV, Containing ſeveral Propoſitions of Great Circle-Sailing. 
PROB. I. By the Latitude, and Difference of Longitude from the Obliquity, to find the 
great Circle-Deſt ence from the greateſt Obliquity. Ny 
As Radivs 90, to Co-ſine of the Latirnde 51 deg. 22 MN, — — — —9,79541 
9 is the Sine of the Difference of Longitude 27 deg. 32 min. —--—— g,56489 


To the Sine of the Diſtance 16 deg. 47 min. -— 9.46030 
So that 16 deg. 47 min. is the great Circle Diſtance from the Point of the greateſt 
Obliquity of that Circle. 
PROP. Il. By the Obliquity of the great Circle, to find the Latitude at any Diſtance, from 
the Point of the greateſt Obliquity, | 


As Radius, to Sine of greateſt Obliquity 54 deg. 40 min. - —9.91158 
So is Co-ſine of the Diſtance from Obliquity 16 deg, 47 min.———- 9.98109 
' To the Sine of the Latitude 51 deg. 21 min. — a —— 9.89267 
Again, As Radius, to Sine of greateſt Obliquity 54 deg. 49 min. - — 9.9115S 
Sois Co-ſine of Diſtance irom Obliquity 73 deg. 47 min. —_—_ 9.44502 
To the Sine of the Latitude of Barbadoes 13 deg, 10 min. —— n=—9.35760 


PROP. Il. By the Great Circles Diſtance from the Point of Obliquity, and the Latitude 
given, to find the Diff. of Long. betwixt that place and the Meridian of greateft Obliquity, 


As the Co-fine of the Latitude 51 deg. 22 min. — ——— —=9.7954! 
To Radius, ſo is the Sine of the Diſt. from the Obliquity 15 d. 47 m. —— 1 9.46052 
To the Sine of the Diff. of Longit. 27 deg. 33 min. —_ —9.66511 


PROP. IV. By the great Circle-Diſt ance from the Obliquity, and the Latitnde given, to find 
the Angle of Poſition. 
As Radivs go deg. to Tang. of great Circle Diſt. 16 deg. 47 min, > — 9.47943 
Sois Tangent of the Latitude 51 deg. 22 Min ————— -—— $0267 


To Co-ſine of the Angle of Poſition 57 deg. 50 min. — 9.57676 


CH A P: XVI. How to make the true Sea Chart, and the Uſe thereof in Mercator's and Great 

Circle Sailing, being a general Chart, 

R the manner of the Diviſion, let the Equator be drawn and divided, and crofled 
with Parallel Meridians, as before direQed 3 only one degree of Longitude in the 

particular Chart before-going, is 10 deg. of the Equator of this General Chart. You 
tave been direQtcd how to make the Meridiaw- line off the Scale for a Particular Chart z 
and the ſame Rule makes this. Look in the Table of Meridional parts, and you will find 
the Difference between the XZquator and 40 deg, of Latitude in the Meridian-line to be 
$74,2 which is 874 Leagues :: 3 and that divided by 20 is 43 deg; 42 win. of the Zqua- 
tor, therefore out of a Scale of Equal parts, each deg. of the &quator, being divided 
lato 20 parts,take 874 parts,and that Diſt. will TEES the ZXquator to 40 d. of Lat. 

And for 5o deg. take 1158 ſuch Equal parts (which is 57 deg. 54 min.) which will 
reach from the Xquator, to 59 deg, of Latitude in the Meridian-line : And ſo do for 
. any other d. or m. of Lat. until you bave made the Chart, as I have done in the Figure. 
- - The ProtraGting Quadrant (you may ſee the Figure) ſhews you at ſight; withont more 
words, how to make it by dividing it into eight Poiats, and each Point into four quar- 
ters,and theArch within into go deg, and a Label or Index to be riveted ro theCenter,and 
a hole drill'd through the Rivet to put a Pin through the Center of the Quadrant, to lay 
It upon any place aſſigned, and let it ſquare by the Meridian and Parellels of Laticade ; 
ſo laying the Center to the firſt place and Index over the ſecond place, the Limb of 
the Quadrant will ſhew you the Point of the Compaſs, or what Angle it makes with the 
Meridian, wiz. the bearing of the firſt place from the ſecond. Now to trace out the 
Arch of a Great Circle, betwixt the places in Mercator*s Chart, in Chap. 13- you have 
the way how to calculate for any Obliquity, and to any deg. of Longitude ; what deg: 
and min. of Latitude the Great Circle ſhall paſs through; by the ſame Rulcs | have cal- 
culated, for every 10 deg. of Longitude, reckoning from the greateſt Obliquity, to the 
Interſe&tion of the Great Circle with the Zquator, viz. 

Greateſt Obliquity G 54 deg 40 mio. 

For Deg. Lobg. 10 RE = 49 $O 

the Deg. Lat. 544d. 15 mh. 52:58 50:41 47:13 42:12 


For Deg. Long. 63 70 80: 27 For 9o Deg. Longit- 
Deans Þ 3 IT areooDep Lax: 
* 


5:12 25246 13:10 
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In the A/ercator's Plat, G ſtanderth at 54. deg. 40 min, of North Laticude, and ® juſt 
go deg. of Longirude Weſtward, and AN go deg. Eaſtward from G, being the two 
oppoſite Points 1n the Equator, 180 deg. from each Point of Interſetion X AX. 

In every Meridian betwixt G and AX, on both ſides (the Meridians being drawn at 
every 10 deg. of Longitude in the Chart) make a mark at the Latitude found in the th. 
ble, taking it from the Meridian -line of the Chart ; and having ſo marked every Meri. 
dian, then by theſe marks draw Arches from one to another : or it will ſuffice to draw 
Right-lines from Mark to Mark, as from G (the greateſt Obliquity of the Great Circle) 
to the next Meridian on each fide ; and fo, to the next,until you come down to the Equator 
at K on both ſides ; ſo have you pourtray*d on this Mercator Plat a Great Circle from 
Lundy to Barbadoes, one being in North Latitude 51 deg. 22 min. at L, the other at g 
in North Latitude 13 deg. 10 min. with differetice of Longitude 52 deg. 55 min. 

He that will take the pains, will find great delight in the Great-Circle-Saling. Yet 
conclude, That although it is the nearelt way, it is not always the convenienteſt Way for 
Sea-men, for ſeveral Reaſons known tothem that can keep an Account of the Ships way 
both by Merecator*s and Great-Circle-Sailing, which I could lay down here ; bur in regard 
itis needleſs, I leave every one to his Diſcretion, and ſhall ſhew you the way boy | did 
keep my Account at Sea, by Atrcator's Chart. 


CHAP. XVIl. How to keep a Sea-Journal. 


Would not have any Ingenious Artiſt,that hath a long time kept Account of a Ships 
way, to think I preſcribe him Rules, but only give Direction ro young Learners, that 
ſo they may have a perfect Method: of keeping Account of a Ship's way at Sea. 

To do this, 1conceive it will be fit to have a Book in Folio, and to keep the left ſideof 
your Book void,that you may writeall the Paſlages of the Voyage ; that is tc ſay,when you 
ſet Sail, with what Wind,and what Ships are in Company,and how far you keep Company; 
what Stornis,and how the Wind was : And likewiſe put down the time that you come by 
any misfortune,of cracking or breaking a Maſt or Yard, or what Damage you receive by 
any Storm,and the like Occurences,as you ſhall think requiſite: And what Currents and Y- 
riation you meet with,or if any Men ſhould die. Bat before all this put down the Title of 
the Voyage, over the left hand Page, in theſe or ſuch like words, vsz. 


A Journal of our intended Voyage by God's Aſſiſtance from Kingrode near Briſtol, #n La, qi 
d. zom,to Maderayin Lat. 32 d. 10. m. and from thence to Barbadoes, Lat. 13 d. 10 m. 


The right ſide of your Book throughout may be divided into 13 Columns, by Lines, 88 
you may ſee in the following Examp. In the 1ſt muſt be exprefled the Lay of the Month. 
In the 2d,the Letters of theWeek-days that Year. In the 3d Column the Months ; make it 
large enough to put down the Lat. you make by Obſervation ot the Sun or Stars,and Cur- 


' rents how they fer. In the 4th;the Courſe ſteered by the Compaſs. In the 5th,the Variati- 


on of the Compaſs, if there be any. Set down the Angle that the Rhomb maketh with the 
Merid. in the 6th Column : And in the 7th, the Diſt. failed in Leagues or Miles. In the 
$th, 9th, 10th, and 11th Columns, ſet down the Northing, Soutbing,Eaſting and Welting. . 
In the 12th, the Lat. by Dead Reckoning, And inthe thirteenth Column, the difference 
of Longitude from the firſt Meridian, according to Mercator's Chart. 

Let thix be your Examp. We will frame a Reckoning between the 3 places before-men- 


' tioned,from Lundy to Madera, from thence to Barbadees, whoſe dilt. in their Rhombs and 


diff. of Lat.and Merid.diſt.l have put over in theHead of theColumns in the left hand Page. 

You ſee by rhe lefr hand Page that we fer ſail rhe 25th day ; bur we emered ir nor in the right 
hand Page until rhe 26th day ar Noon : for it is to be underſtood, that fince her ſerring fail Marc 
25 to Noon of the 26th day, the Ship ſteers away and makes her way good on the S. b. W. + V. 
Poinr of the Compaſs ; bur rhe Variation being 5 deg. + or half a Point ro the Eaſtward, as you 
ſee in the 5th Column,rherefore the Pointſhe hath made good upon is only S. W. 22 deg. 20 min. 
as is exprefſed in rhe 6th Column : Upon this Rhomb ſhe ſails 48 Leagues, as in the ſeventh Co- 
lumn appears :, And anſwerable thereunto I find in rhe Traverſe-Table before-going, rhe Southing, 


'to be 44453 Leagues, or by the Traverſe-Scale 4445 Leagues ; and the Weſfting 184%; Leagues 


by rhe Traverſe-Scale 1847 Tg as here in rhe ninth and clevench Column appears. 

The Figures to rhe lefr ſignifie Leagues in this Fournal, and the 2 Figures ro the right hand fig- 
fie the 100 parr of a League. The Southing being 4445, Leagues, which is 2 d. 13 m. neareſt ; 
if that be ſubtracted 'from the Lar. from whence you came, Lundy 51 d. 20 m. it makes the 
Lar, the Ship is in at Noon,to be 49 d. 7 m. as appears in the 12th Column, In the ſame manner, 
in the nexr line, being the 29rh of March, ſhewerh, thar from the 26th day ar Noon, to the 27th 
day at Noon, ſhe made her way good upon the S.b.W.4 W.Point of rhe Compaſs; bur the Variation 
being 5d. 5 Eaſterly,rherefore the Angle of rhe Rhomb which the rrue Merid. was S. W. 22 d, Þ 
m. and failing 49 Leagues, the Sourbing is 454453 Leagues ; and the Weſting 18455 Leagues : 
the Latirude is now 46 deg. 51 min. ART To 


. 


Chap. XVIL How to keep « Journal at Sea 


To find the Longirude in rhe laſt Column, convert the Eaſting and Weſting, that is, the Leagu EE 
inthe Eaft and Welt Column, into Degrees and Minutes of  Frucofha' by this Rule, whack is 
near the Truth, provided thele Rhombs differ nor much one from another, by which Rule I found 
the Longirude for every Sum 1n the Journal. 

Say then, As rhe difference of Larirude, ro the Departure from the Meridian : 
®59 is the Diff. of Lar. in Meridional Parts or Leagues, to the Dif. of Long. in Leagues. 

The Difference of Lat. in the South Column ſum'd up (as you muſt do as often as you have an 
notable Difference berwixt your obſerved Lat. an Dead-Lar.) is 1364-4; Leagues ; omit the 
Figure ro rhe right hand, viz. +4;, and then it will be 136 =. 

he Depart. from the Merid. in the Weſt Column is 56.64 ; omir the laſt Figure, it is 566. So 
you pur them down. PR 

The Meridional parts for the Larirude 51 deg. 22 min. is 

The Meridional parts for the Latirude 44 deg. 3o min. is 


The Difference of Latitude in Meridional parrs is- - 2043 
Say then, as the Sum of the South Column, or Diff. 'of Lar. 1369— 


— 
Is ro the Sum of the Weſt, or Deparr. from the Merid. 566— — 


Il2002 
eg ,: 


? i FT} —752 

So is the Difference of Larirude in Meridional parts 2043————— at ; a6G 
| | : 60630 

To the Difference of Longirude in Leagues 844; A ware 


| Which reduced into Degrees 1s 4 deg. 14 min. for the 28th of March. 
Bur ler us proceed with our Fournal., I obſerved the Meridian Alrirude of the Sun the 31 day at 
Noon. I find my Latitude by Obſervation 38 deg. 3o min. which, by Dead-Reckoning ir, is 3$ 
deg. 33 min. ſo the Difference 1s 8 min. Sourherly ; bur being affured of a good Obſervarion, I 
corre&t the Dead-Reckoning thereby by this Rule of Proportion, ſaying, 
As the Sum of the North Column 1201 — 307954 


To the Sum of the Eaſt Column 520——— <—_ 


2.7 16c0 
So is the aforeſaid Increaſing Southerly 27 1.43136 


4.14736 
1.067323 


Tc the Increafing Weſterly 1444 Leagues BOS 

Which is 1 League +3, and ſomerhing more, nor to be taken norice of, 

This Rule of Proportion, Norwood hath laid down in his Seaman's Praetice, 1n the Deſcriprion of 
his Journal from Barmudees or Summer Iſlands to the Lizard ; which is thus. 

Now this Difference being found, I put down in the South Column the Difference 2-718 
Leagues, and the Weſt Column 1-55 Leagues, and under Diſtance 2-2 Leagues : Now the 
the fame corrected is by Obſervation 13053 Leagues, 120442 Leagues Southing and Weſtin 
52 Leagues $ min. ſubtracted from the Dead Latitude, make 38 deg, 30 min. the rrue rented 
Latitude according ro Obſervation. 

; In like manner, upon the third of Apri/ I ſhould be in Laticude 32 deg. 19 min. bur by very 
ood Obſervarion, I find the Ship in the Larirude 32 deg. 30 min. thar is, nor ſo much Sourherly 
by 11 minures : therefore ro correct ir by Obſervation, I pur under Diftance 3-2 Leagues, and 
in rhe Norch Column 3535 Leagues, and in the Eaft 15$$ Leagues, and under Dead Laritude 
11 minures : I ſubtract rhe corrected Difference of Diſtance our of rhe Sum over ir,and likewile 
the corrected Difference in the North Column our of the Sum in the South, and likewiſe the 
Eaſt out of the Weſt Column, and add the 11 min. ro the Dead Larirude, and then you have the 
Sum corrected : bur if there be any Current, you may fer it down, and allow for ir, and note it 
down, as is that Example following the firſt of April to the third, and by your Traverſe-Scale pre- 
kntly find how much rhe Current hath ſer you ro the Eaftward 

Bur if your Courſe be near the Eaft and Weſt, it is ſufficient to correct it in Latirude only, as 
inthe Example of the 12th and 13th of May ; for in that Caſe the Longitude 
cannor be correed bur from ſome further ground. Now to ſer down this In ſailing E. and 
Reckoning upon the Plain Charr, or common Sea-Charr, every day, itis MH. yeu have a Rule 
needleſs: The berter way 1s ro fer down every one of the Sums in Prob. 7. of Sail- 
I they are corrected by Obſervation, in rhe ſame manner as you are direted ins by Mercator or 
inthe larrer end of rhe rhird Chapter of rhis Book ; and fo by the roral Sumis Wright's Chart, 
of the Diff. of Lar. and Dep. from the firſt Meridian, you may fer it down on 
your Charr as often as you pleaſe. Bur if yon are defirous ro ſer down your Reckoning itt a Mer- 
cator or Y/7ight's Charr, you have in the 12th and 13th, or laſt rwo Columns of your Journal rhe 
{ſubſtance a. | principal ſcope of your Reckoning: ſer down as often as you ſam up or correct your 

eckoning : namely,your Lar. and Long. which whenſoever you have a deſire to fer down in the 
toreſaid Charr,or any other graduared Charrt,with deg. of Long. and Lar. you may readily do it. 

For Example, Suppole 1 would fer down rhe place on the Chart where the Ship is, from the 
25th of M.rch ro the 13th of May, 1 find the Lar. againſt rhe 25th of March 51 d. 20 m. and the 
Lar. of the Barbadoes 13 d. 10 m. and the Diff. of Long. 52d. 35 m. Therefore in the Lar. of 13 
0. 15 m. Idraw or point our an occult Parallel, and reckon 52 d. 35 m. from the Iſland of L wdg 
towards the Weſt : ror by that Long. an occult Meridian ; the Interſe&tion of this Meridian 

with the foreſaid Parallel is the Pointyepreſenting Barhadoes, or the Place of rhe Ship : and rhe like 
isto be underſtood of any of the other. And ſo I pur down in the General Chart of Mercater the 
8 Points of the Ships Place, 1 a, 2 b, 3<> 4d, 5e, 6f, 7 g, $ b, as there you may ſee. 


Os 


D 
T 
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| A Tournal of _ Intended Voyage, by Gods Al, fance in the Good 


Ship the Eliz. of B. S. S. Commander, from Kingrode, in 
Latitude 51 d. 3o m. to Madera in Latitude 32.9. 30m. 
and from thence to Barbadoes, in Latitude 13 d. 10 m. 


A ® fail out of K;xgroad, in Conipany with the John bound to Cale, and 


Cy 


Anne bound to Virginie; the Wind at E.N. E. thick rainy Weather, 


—F__ 


= 

he Journal of our Intended Voyage, by God's Aſſiſtance, in the E of B. S. $, Com- 

mander, from Lundy, in Latitude 51 4. 20 7s. to the Iſland of Vaacra, in Latitude 

32 d. zoom. Courſe S.S, W. 12. and half Weit, Diftance 411 Leagues, Meridian 

Diſtance 167 Leagues, Difference of Longitude 11 d. 16m, from Madera to Barbadoes, 

in Latitude I3 d. 109. Courſe S. W, 61 4d. 14 m. Diſtance 795 Leagues, Meri- 
edian Diſtance : 698 L-ag. Difference of Loggitude 41 4. 40 7. 


| Courſe | Eaſt Deg. from the; Diſt, (Di.La. Dif.Lar, Dep.j Dep. '51d.20/ Diff. 
ib SSW Variation. [Merid SW 25d 411 [377 1377 157 [17 167 _ 3% 11d.16/ 


| 

I | SWb WhalfwW SW651d. 14 M. 753 1387 le 327 lea, FLY [134.1 10' 41d.go' 
| fn Latirude by Ob>-j Courſe by = "a of | Degrees from | Diſt. deorth tract. Eaft. | wet weſt | Fax by Dif, if. of 
| | 1 


ſervation, Compats . | the Meridian. (fa'led.} he ___ {dead R. cad R. Lothir. 
Mini Points. * Degrees | Leag. |Leag. Leap. La. Leag, 'D. M.D. M. M, 
26a TIED S by W half W g deg. 30 min.ESW 22d. 3om-| 43 { 18 T 49 07 


27d. S by W half W 5 deg. 3o mia. ESW 22d. 3om.| 45 | 17 75 45 51 
= £ 44 deg. 31 min. SITY W halt W, 5 dep. 39 min.ES W 22d. 30m.) 51 J 2 19 $2] 44 39 


'Add | up the Numbers the Sum js 148 - FIY 5s X7 © 106.0 i{ 


| SSW |2 deg. 45mm.ESW 25. mf 4 38 42 34 
30 e 40 deg. 25 min, SSW |1 degree Eaſt SW 229. 30m.) . 7 69 go 25 
3! f 33 deg. 30 min.; SSW ___1> degree Eaſt {SW 22d. —_— jo ©: g2l 33 23 


| | Add up the Numbers, the ſum is 128 | 
| | 'Correion by Obſervarion 2 5 70; 3 | 
[The ſum correRed is LES 33 30. 07 43 
Difference of Laticude, , Depart. from firſt Merid. 2 27 78 - : s 


1 G April, aCurcent 5$whS nid. 39. 20 m. Cur. SW 22d. 30m | = 4 F439 ory 35 17 
2g ſersE.bysS. SWhHS {11d. 30 m.Cur.S W 22d. 30m. | 34 12 
[3 þ 32 deg. _ Zo min. SWbS {i1d. 3om.Cur. SW 22d. 7m 6 La BE V9; XS ON 28- og 


"Ser ro the Eaſt | aqJ up the Numbers, the Sum 1s "23 79 « | 
ward by cheCur- *CorreQion by Obſervation $ It 
rent 15 3 days, 22;The ſum corrected is "0 234 0 a" 7” 32 39, 10 46 
and almoſt Madera Iſhnd bears Weſt diftant 8.58 + 
E.bS. dS. by eſti.” Diff: rence of Latic. Depar. from the firft Merid. 418. Hi OG | ;,_ 7 402 
Sec ſail April 23, d. 3om. Eaſt Suns 
om Madera. 4 * Curions. | PIES 


32 39 30 11 0 
| 31 75 30 FRO 
35 45 23 57 
27 deg, 43 min. S 24 94 97] 27 4 
25 deg. 54min, : 35 0s 25 $5 
23 deg. 47 min, 4 42 43 "Y 
22 deg, . 40 min. [ Me7 | 19 80 g 22 47 
Numbers added, the Sum is 154 44 | AC 
C orreRion by Obſervation 2 30 - 
Sum corre&cd is = 135 74 15; 22 40 
Difference of Lar. and Depart. from from firſt Merid. 572 _ $73 7*] | 20 
SWhW | o degr- "10 W 55d. 15m. 25 OO | 37 45 21 26 —2 
May I Swbw vo degr. |SW+5Sd.15m. 25 11] 
18 deg. 57 miv.' $ Wh WW oo degr., [SW 55d. 15m. | 23 89 
SWhw oo degr. \SW55d. 15m. 24 44 
S Wh W 05 degr. _ 1SW 56d, 15M. , 21 67]. 


Tore the Numbers, the ſum is © | (120 01 
Corred '0n by O ſervation 4 33' 

[Sum corrected is 210 2 1116 58 
' 'Difference of Latir. Deparr, from firſt Merid. 782 2 (650 « 49 


16 deg. 14 min. WS W half Ws Vs deg. WS W67d.zom,) 31 

1; deg, 03 miv. W S W half Wis d. 30 Mm. wa W 67d.zom. 46 17 60. 

a W $S W half Wis d. 30m, WS W 674d.zom.| 33 ' I2 63 
14 deg. 03 min [1 $ W h: half Vs! 15. 3 zo Mm. wis W 67 d.zom.| 30 

Ad up the Numbers, the Sum is 

_ [CorreRion by Obſervation 


| | Yum correged is : 
Difference of Latir. tir. Depart. from firſt Merid, 


30 Mm. 


15 deg. 5 go m'n n.} 


K 
's'r 13de 13 deg. 48 min 48 hiv. W b $ half 'Whz deg. half SW84d. 20M. 

d' W b S half Wſz deg. 5o m. SW87d. 11m. 6 
e 


13 deg, tomin.|W b S half Who deg. oo m. SW 78d. 3om.| 51 


— Ship's inLar. Bar-[Add \ up the Numbers, the Sum i "i 165 164 63 
b; dees69 lex. E. Difference of Lacie, Depart. from ficſt Merid. 1092 SY 756 0s > 


12 T 13 deg. comin. Weſt 64. 30 Cur. ſers 3W84d. 2 22m| 39 weu od 38 38 6d 12 5 $3 
13] TheCurrentſerS| W by N WET 45 m Cur. |sw 849. zoni;] 26 _. 1,28. 92: »3 1d 


—_— _— I OW—— J——__ CR — RX —— — — —— —_—— 


[13G 13 deg, 11 min. Difference of Laric. . Deparc. rc. from Lunly ——— Y 850 7; 90. 37.43.10) 
[1J © Barbadoes 1 [land bears Weſt diſtane of Leag, | $-: 


A ee GL rF<Ig -— 2. - - - —_—  - -— 


$9 $2 13 35 
_$9 62 13 og 


——— 
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142 Oe | IC MA RETTT Int 
A TABLE of the Longitude and Latitude of the moſt Notable 
Ports, Harbours, Capes, I{]ands, and Head-Lands in the W o xr. », 


Beginning the Longitude at the Meridian of the Lizerd. 


Coaſt of New-found-land,and New-England. | North 
North Weſt Latit. 
Lat. 
Cape Hambleton 11|50 14 
Bell-lſle O2 4.4 


The Places Names, 
The Places Names, 
St. Juhn de Portarica 
Santa Cruce 
Anguilla 


Cape Bonaviſta 
Trinity Bay. 
Bacalao I/land 
Conſumption Bay 
Cape St. Francis 
Cape Deſpair 
Cape Race 

Bay Bulls 

Se. John's Harbour 
Platentia Bay 

C ape St. Larinſo 
Cape Roy 

Cape Britain 
Cape Sable 

Cape Codd 
Boſton 
Plymouth 
Nantucket 
Martins Vinyard 


The Sea-Coafts on the main Continent in Ame- 


rica, or Weſt- India. 
Elizabeth Iſland 
Block Iſland 
Long Iſland 
Cape May 
Virgina. Cape Charles 
Cape Henry 
Cape Hateraſs 
Cape Fear 
Cape Florida 
Cape Catocha 
Cartagena 
Cape 3 Points 
Cape Breme 
Suranam 
North Cape 


Burmudos 
Bahama 
Sigvatro 
Guatro 
Guamina 
Tiango 
Guanahimo 
Caycoſs 
Amiana 
Hinagua 
Yamatta 
Soamia 
Yamia 


I IO 
The Weſt-India Iſlands. 


3 
03 


&. Martin 

St. Bartholomew 
Barbuda 

Antezoa 

Deſleada 
Maragallanta 
Dominica 

Martineco 

St. Luca 

Barbadoes 

Tabago 

Glanada 

St. Vincent 
Guardalupa 
Monſarat 

Mevis 

St. Chriſtophers 
Iſland Devas 

Iſland Blanco 
Turtuga 

Iſland Derickilla 
Rocs 

Iſland Deayos 
Bonoga 

Queriſla 

Moagos 
Eaſt end of Hiſpaniola 
Middle of Hiſpaniola 
Weſt end of Hiſpaniola 
Eaſt end of Jamaica 
Jamaica Harbour 
Weſt end of Jamaica 
The Eaſt end of Cuba 
Caimanis 

Grand Caiman 
Santavilla 

Moſquito 

Guanabo 
Guanabimo 

Cozumal 
Laſalleeranas 

The Iſland Delas 
Labarmata 

Ifland Dearanas 
Triango 

The Iſland of Prondanco 
St. Andrea. 
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— North | Weſt 
The Sea-Coaſts of Bratilia, | The Places Namer, Latit. le” 
Lei. | Lange, | Me 5 c5\91 3 
: Laiit. | Longit, | Moique | © 
The Placy Names D. M.| D. M. | {land de Profol 19,23 | m ” 
©;4l 30; land de Zocha 13 18 190” 4 
The River Ons bs 13 20 6 Chorchaman I2 32107 55 
The Iſland of Aſcenſion 07 4 12:13 toc ©; 
ond Farnando og 4oO| I5 16 Apoluaria ld Es 4 $5 35 
bratho oF 02|17 56 Dezomo > 4" ef 
Y St. Raphali 05 19119 36 | Piedros Blaucho » oy 'S 4 
a St, Auguſtin 8 25 18 23 Diego 5 ck 2 1” 68 AS. 
River St. Miguel og 3019 ©1 | DomeSCaicuhas * SES 7” © 
TheRiver Roal It 2120 41 | Ifland Quellallo "8 99 7-4 
river Gianda 14 49|22 0o6 | De Almiranta ON <NY - kN 
de Abeotho I7 $2|21 42 Agnalaga tie! Wi £6 i. 
St, Harbara 18 14]21 05 | Aſdore Has oe ON On . 0 
Idand Aſcenſion 17 Ig117 co | Johnde Nova e he 2 | 5] 2 
Trinidada 19 of lg 24 "ory 08 = 59 57 
land de Martin 19 00[|08 03 | Aignos : I, bt 2s 
land de Pidos 2r $205. 51 | Joknde Compro Ms Mr. 
Cape St. Toma 21 47|23 38 | Zanziba = ne: | 4p 4 
, Cape Frio month as Dri Hang | 10 48|54 24 
' Cape St. Maria 35 00137 81 1 John Demiz 11 20] 55 48 
| River de Plate 35 5945 52 > rn i2 49157 55 
= O_g Ew 3 39]56 30h Chriſtopher _ 14 3015s = 
Cape de Sandto Spirito 52 .20 = 30 = _ 20 | 4 we 
\ 2 30 | 65 40 
oe fog bn -- 00 | 80 30 | N. end of St. Laurence 25 37 A 4 
Cape Guya,Cape Blanco 06 10 | 85 30 | St. Apohima _ = 2 : 4 
Cape St. Franciſco or. 30 ” = ers cog - 44 a7 
 CapeSt. Frances Nort c Mourith 5 
ole de bon Matre c7 30| 8 co | Doſparias R ; 3 4 2 be - 
Nombre de Dios W. Sca 10 00] 77 30 | Englands Fore Se” * 2. 
NovaAlbion in theS.Sza 45 0% | 162 30 | Diego _ - 2 24 68 32 , 
Cape de Fortuna 55 30| 170E.0o | John de Lisbone w 6k 5 HE 
Tapan lnſule 36.N.co | 153E.0 | Romoras SF 
IR PETIT Reed: Ot $.90 7 19. 09 The Sea-coa7 on the Main Continent in the 
Iſlands in the Eaſt Indies. : Ealt India, 
Vorth E aft 
Stuth E aft 4 \ ort | p 
+ Plarcs Names Laut. \| Lonz6s, 
Names. Latit. | Lone. Tn Plates Name p > 
The Places Nar mM 1D. os D, "* +7 os 
Hipon Iſland 06 45 j 125 20 | Malacca = yr \ 117 44 
Baram on Java a4 # $6. 34.9 5 ay DD 19 45|118 54 
Jambe on 014 3 Hee ck o ys 121 33 
South end of Sumara ©5 52 | 125 40 River Benga « _ wi 142 who 
Middle of Sumatra Of. JO] *00 Ip tt 1 30| 108 52 
North end of Sumatra 05 28 | 1 - : , | rang r3q 14 35 1co 27 
Gomaſpala oe REG Hood Frome oats d3 50 
INand Deſombro 08 00 | I14 44 | Cape £omorin of SAP, 
Il2nd Ruſta OP $93 006: 307 Hannan 10 48197 37 
Quarinibar SEE Belo oh Collane ; 12 40 | 67 19 
Ulind Dandemajo 13 cp 114 39 | Mongalar oy 40 |97 ot 
Iſland Decacoſs "Jo. fy. 4 0a 18 1058 51 
Celloan 07 $0199-:39 LI Sy VI Ons, bo} 53 
Doda Safia cg 4019v3 2 | C3lecu! 99 v7 g* EI | Macao 
arine 10 5$0f $0. F6| | 
my = 
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North | Eaſt | North | Eaſt 
The Places Names. Latit. | Longit. The Places Names. Lait. | Long, 
+ > TM a D. M.|b. M 
Macao in the K. of Pegu 19 30 | 112 49 | River Dallagoa 07 4oltg k 
omon 11 $54| 9g ol | River de Valta 06 ©5116 Q, 
Sorrat 21 ©o|99 36 | Cape 3 Points ©4 10[13 1, 
Dio 20 48| 96 57 | RiverSt. Andras O5 23|c8 og 
River Decinda _. 24 55| 95 39 | Cape de Palmas 04. 30]0%6 og 
Cape Mucoaridan 25 32] 82 39 | Cape Mounta 05 23}01 '46 
Cape Ruſlalgat 22 07] 84 39 | CapeRoxo it 38] o6W; 
Cape de Ponto 18 19] 79 09 | River of Gamboa I2 47102 ty 
Cape de Matraia 15 33] 72 39 | Cape deVerd 14 24]c6 57 
Adon - 13 08|66 56 
Cape Guardafuy 11 40|71 24 The Cape de Verd Iſlands. 
Cape de Baſlos 04 30|65 19 
Magadox 02 30159 24 North | Wi 
Molinda 028.42 | 52 11} The Places Names. Latit. | Loni: 
Cape Faſlto - 08 02 | $2 24 D. M.| D. M 
Cape Corintes 23 30[48 51 Abrolho CO OOF 16 16 
Cape St. Marin 25 40| 46 59| Vigia o3 Ol] 1lo nt 
River St. Luftea 28 25 | 46 09 I St. Paul ol 32|14 56 
| | Rocafs O2 30|[16 16 
The Sea-Coaſt from Cape Bone Eſparanca | Varo It 12|12 ©, 
ro Guinea. Vigia 12 26| 19 48 
South Eaft | Abrogo 16 36\ 10 19 
The Places Names. Latit, | Longit. | Brava 14. 42) |15 14 
| D., M.| D. 4M. Fogo I4 42| 14 56 
Iſland Defiſtian 36 57 [11 44 | Santiago 14 $2| 14 22 
Iſland Degiaiattica 37 $56|14 04| May | 15 ©o[ 14 02 
Cape Agullas 36 20] 33 54 | Bonaviſta is 58} 13 49 
Cape Bona Eſparanca 34 25 | 32 $4 | Sall 17 00| 13 26 
Cape Sacos 29 40|30 14 | St. Nicholas 16 30{ 15 44 
Aſcenſion Iſland o7 q481to5 24 | St. Lucia 16 50[ 16 & 
St. Helena 16 oo [10 06 | St. Antonio 17 ©7|16 56 
St. Helena Nova 16 00|19 48 | Cape Blanco 20. 30| 09 2 
Baſſas 17 45[27 35 | Cape Denao 28 $52]ot 46: 
Cape Lado Io oo0|29 23 | Cape Gillam 29 $5o[or 29 
Cape Padron cd 0029 04| Capede Gere 30 00] or 25 
Cape Lopas ot oo|25 21| Cape Cantin 32 17|jor 06 
Anabona Iſland ot 22|22 56| Sally 34 40|og 48 
Ifland St. Matheos o1 40|07 45| Tangire Eaſt Loxgitud: 35 36|01 49 
Iſland St, Toma ooN.10j23 341 * 
Iſland Cacos oO 40|23 50 | The Sea-Corſts on the Main, from Tangire 
River Gabaan 60 yor27 is co Joppa in the Straits. 
. River de Angat or 00|27 30} | | 
Iſland de Principas o1 50|25 14 North | Eaſt 
IlNland Defarnando 03 10| 26 06 The Places Names. Latit, | Lonst, 
River Boilin 032 4a 27 29 D. M.| p. M. 
River Decainaronas o©4 oo| 27 09 | Ballis 34 57]03 48s 
| Oran 35 46to7 59 
Sea-Coaſt from Sampſon's River t0 the Rs. | Tunis 36 30|og 18 
ver of Gambo,Coaſt Guiney and Barbary. | Argier | 36 4go| 10 54 
| Gion 36 $5o[1I3 309 
North | Eaſs | Colla 37 og| 15 14 
The Places Names, Latit. | Longie. | Bona 37 9| 16 44 
D. AM.} Dd. M. | Tunis 36 50|17 24 
Old Callabar Og 50 | 25 15 | Cape Beun 27...064-4$--$4 
New Callabar O04 40 | 23 37 | Britto 35 2318 41 
Cape Formollus O4 03 |22 $52 | Cherunne 34 56]18 36 
River Binnin ©6 50|22 12 | Cape Mizarrata 32 1$|24 00 


* | Cape 
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Chiefeſt Placer of the World. 


| North |  Eaft 
The Places Names. Latit. | Longit, 
D. M.| D. M. 
de Solli 31 I; 25 49 
pe Ruſſutta 32 58 Ip 26 
Cape Roattini 32 18}32 og 
Alexandria 30 qgolqgr 28 
Michallat 30 30 |41 55 
Cairo 39 35]41 44 
Joppa 31 42143 39 
The Coaſt frem Antiochia to Sagua. 
Antiochia 34 54146 26 
Cape Pollopolla 35 351| 44 ol 
Cape Seridioni 35 55|41 24 
Cape Decoxman 36 216136 44 
Cape Babarnau 37 '58] 36 22 
Incommodio 40 26|]40 39 
Conſtantinople 49 56|4o 33 
Gallippolo 40 20137 59 
Cape Degriffa 40 i137 81 
_ Cape Pimra 40 26|32 23 
CapdSt. George 39 28| 32 10 
Cape Collo 37 40|32 35 
Cape Sille 37 15{31 $52 
Cape Matapan 36 28]30 53 
Cape Linga 49 18|j ag 38 
Hiraſſa 49 57] 30 38 
Cattaro 42 21|29 47 
Ragulſla 42 29]28 57 
Kanio 42 5728 11 
Trovyor 43 30|27 37 
Cape Caſta 43 27126 48 
Zaro 44 05] 26 39 
$292 44 47125 49 
From Venice to Gibraltor. 
Venice 45 37]|22 45 
Gorra 44 $7 1*1 33 
Ancana 43 25] 24 29 
Angollo 41 g1j27 O2 
Cape St. Maſla 39 52|26 53 
Gallipoli 45 08 | 27 ©4 
Cape Callom 38 50125 40 
| Cape Sparta-yertura - 37 46|24 16 
Sallarno 49 51|23 32 
Napolis 41 o8}]22 $1 
Rome 41 $50|2t Og 
-Ciritacha 41 46]20 24 
' Leagorne 43 28] 19 03 
Cape Melle 43 51115 -37 
Cape Larci 42 $58{ 14 38 
Tollone 43 C0114 04 
Marſilia 43 12| 12 44 
Cape Degofrito 41 4r]11 18 
Cape Pallos 40 10j 08 3g 
Cape Martin 38 46|o8 20 
Alicant 38 20] 07 14 
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The Places Names. 


Cape Paul 
Cape de Gat 
Veliz 

Malaga 
Gibraltor 


The Iſlands in the Archipelago, 


Sarfanto 36 57 
Sarfo op 4 
Famania 37 as 
Pipor 39 32 
Lalor 39 58 
Lamo 39 44 
Stripo 39 16 
St. Penaga 38 52 
Andrea 38 12 
Ipſava 38 28 
} Mortalin 39 54 
Staviſratta 39 28 
Lamnos 39 41 
Palamos 40 14 
Toſla 40 Co 
Iſlands in the Straits. 
Sapientia 36 47 
Zant 37 37 
Cape Sidro 38 15 
aXa 38 49 
Corfu 39 26 
Seſlino 40 22 
Pijanaſſa 41 52 
Trinite 41 50 
Mallida 42 37 
Auguſta 42 36 | 
Catſſo 42 44 
Liſſa 43 00 
Buzo 43 O02 | 
St Androa 43 07 
Iſland Groſls 44 ©O 
Sauſſaga 44 20 
Piper 35 52 
Malta 36 ©o 
Comino 36 15 
Eaſt end of Cyprus 34 48 
Middle of Cyprus 34 18 
| Weſt endof Cyprus 34 22 
Rhodes 35 40 
Gozo 34 37 
Eaſtend of Candia 35 Og 
Middle of Candia 35 08$ 
Weſt ena of Czndia 35 15 
Scarpanta . 45 10 
Langa 36 33 
Stampalia 36 11 
Niza . 37 ©2 
: Rr 
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"246 A Tablevf the Lat. and Long, of the Book IV; 


North E aft 
"The Places Names. Latit, | Longit. 
D, M 


North 
Latie. | | 


The Places Names. 


 Cavari ; 32 16 | Carve 


.Palla 

Cardinals 

Millo 

Goza 

Lampadofla 

Linoſla 

Kambro 

Maritimo 

Maſlina 

'Eaſt-end of Cicilia 
Welt end of Cicilia 
[!Uſtica 

'Fallieur 

'Lipar! 

Stromballa 
Foldemaſlina 

. Uſcia 

Palmarolla 

Ginnute 

Criſta 

Lilbo 

Caprera 

Gargona 

North end of Corſica 
South end of Corſica 
Taloro 

Azanera ' . 
North-end of Sardinia 
South of Sardinia 
The Uland of Sr, Pedra 
Sarpentara 

Callatta 

Minork 

Mayork 

Cabrea 
Collombraita 

Eviſa 

Formentara 


The Places Names, 


Forta Ventura . 
Sanſlorotta 
Grand Canary 
Tenariff 
Gomara 

Faro 

Palma 

Salvagas 


32 
32 
33 


'Flores 
Fiall 

Pico 

St. George 
T eſflara 
Gratiaſla 
Vajo 

Sr. Michael 
Horninzo 
St. Marla 
Vejo 

Ifland Varda 


The Places Names. 


Cadiz 

Cape St. Maria 
Cape St. Vincent 
Lisbon 

Rock of Lisbon 
Burlings 

Iſks of Boyan 
Cape Fmiſtere 
Cape Corian 
Cape Ortingal 
Cape Pinas 

Sr. Andrea 
Bilboa 


{ St. Sebaſtian 


Burdeux 
Rochel 
Olioron 

St. Martins 
Uſe 

Nants 


| Cardinals 
| Bel-Iſle 

1 Groy 

| Glannats 4 
Pennes, or Pennemarks |, 


Parker 
Seames 
Breſt 
Conquet 
Uſhant _ 
Morlaix 
St. Mallog 
\Jarze 


The Sea-coaſt of Portugal and France, from 
Cadiz to Callis. 


D. M. 


46 


North 
Lati, 


32 
52 
(©/) 
0813. 
QO þ 
43 
22 
10 
21 
o8 
04 
41 
41 
= 
lO 
17 
58 
16 
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SF arwke o8 5 | Sark | 
Madara 27 Guernſey 
Porta Santo 33 14 | Arme 

The | Weſtern Iſlands. Caskats 


o | Alderny 
Abraoſo | 
Paſo = | 5 29 Cape Hague 
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Loy: North | Eaſt | Sea-Coafts fromibe Lizard ro Holy-Head. 
The Places Names, Latit. | Lonow. Nitth | Baſt 
D. M.! D. The Places Names. Latit. | Lengtt. 
Gp Barfleur 49 5714 D. M.| D. M. 
e Heal 50 0415 2?8]Lands-end 590 20|0 34 
S. Vallary 59 o8j5 29 | Gulfe co 114 22 
Deip 50 1516 39 [Silly W 17 #1 
Callis 51 13t7 #6 | 7 Stones co 1811” $6 
Coaſt of England from Lizard #0 Newcaſtle. | Harty Putnt Fl 10|j©C E.1g 
The Lizard 50 10| 00 059 Londy 51 20]o W.oz b... 
Faimouth © 22|00 12 Holms ct 26|1 E.q4 
o 24 | Briſtol St 97% WW 7 
Foy 59 3212” 7+ | Milford 2 c5]oW.os -"1 
Rambead 59 34; c9 49 | : 
Plymouth _ 36 | © 51 Holy-Head $3 4470 86 
The Ediſtone co 22|09 44 Iſle of Man $$ 2810 F7F6 
- The Start co 294} 0 Io The Sea-Cooſt of Iteland. | 
Dartmouth 5o 37|o1 28 North | Weſ 
Torbay 50 42101 36 The Places Ngmes., Latit. | Longrt. 
Porthand 5o 50] 02 36 D. 44.1 D. M. 
Ide of Wight 50 $5104 C8 | Dublin 53 32|t 56 
Portſmouth 51 08 | 04 24 | Waterford 95 RE - 
Beache 59 58105 15 | Cork 43 ona $6 "3 
Dongeneſs 51 ©9106 I5 | Kingſail "on 244-08 by” 
The South Foreland Fi 22 | 06 44 | Old Head 51 40|[3 14 | 
North Foreland 51 28|06 44| Mizan Head «= 2313 nx 
Harwich 52 11106 37 | Cow and Calf 51 42|[5 42 
Orfordnefs 52 20106 35 | Blaſques 62 -1536- nf 
Yarmouth $2 45{06 42 | Lopas Head GW. HIT at 
. Winterton 52 52|06 46 Gally Head 3 W154 ' 36 
Lin 52 558105 33| Galloway 43 4ol5 16 
The Sporne 53 451925 ol | Iſles of Aion 53 81]65 36 
| Famborough Head 54 O08 | 04 35 Slages 54 2716 21 
Newcaſtle 54 $8103 14 | Iſlesof Are 55 18|5- 36 
The Coaft of Scotland. Fore Head 55 338]4 '55 
* OW" «5 4912 39 Fair Foreland + + © 4 4 
| Leith - 556 03 | 2 cg The Sea-Ceaft. of Iſcland Thand. 
| Dondee 96. 2072 T7 | Mage Naſs | 61 32|023 51 
Aberdeen $7 22|2 29 | Merchand Foreland 63. $3.1 12 -4* 
bokoneſs 57 4%]1 34] Horm 63 4220+ 36 
Cat Neſs $3 37 p 33 | Silly 64 50109 56 
Iles of Orkney 58 5o{|2 02 | Bargafar Point 65 2707 or 
Fair Iſle 59 30 | 3 19] Long Nafs 66 261]07 36 
MHeetland 60 22,3 $4] RagePoint 66 40| 12 09 
 NVand Lewes 58 .30|2 45 FajrForeland 65 - 40 | 14 5Y 
Sey Ifland 57 40|2 ©3| Snow Hill 6s 111 14. 50 
Sea-Coaſt of Flanders and Holland from Rook Point 64 CO, I4 og 
Callis to the Scaw. | Weſt main liles 63 17] 12 $53 
; Gaminat Iſles 63 gd] 15 06 
Dunkirk $*.* 18 ©7 42 | Grimes Hole 62 234 15 46 A 
tend 51 3oÞos 291 | "pM E 
Fluice 5 3809 11 | The Sea Coaſt in the Sound. 7 
Zealand 51 487 og o5 North | Eaſt ; 
The Brill 52 O8] og ©8] The Places Names, Latit. it, 
The Texel 53 @0|1i0 16 D. AM.| D. AM. 
The Wy 53 30 ito 12| Elfen-nore 56 40| 15 2t E 
Selling 03 35 10 14 i Copenhaven 56 iz| I5 18 & 
Hambroogh 54 ©4| 13 Iſmond 55 20|16 44 : 
Holy Iſland 54 30 {| Burntholm 5s co[17 40 
| 13 51 | Erthholo 55, 10[ 17 38 


a8 AT able of the Lat. and Long, of the 


—- North | Eaſt | 
The Places Names. _ Fatty": The Places N "—_— 
D, ; . - 
Farro Sound * 58 48121 53 Tipo 
Getland 58. 20|21 22| Rolsllles 
Dormamel 56 55|23 44| Lowfat 
Dines Naſs 58 22|23 55 | North Cape 
Riga 57 5o|26 25 | Skitanboro 
Runen 58 38125 14 | Iſland Kilding 
Shorham " $58 $58]26 30, CapeRace 
Ardenbro 59 Og 24 06 Cape Gallant 
Dagaratt 59 44| 23 55 | Cape Grace 
Ogtholm 59 58] 24 32 | Fox Naze 
Eaſt Rand 60® 12] 28 41 | Archangel 
Wibrough 61 16 ”— OO The Coaſt of Greenland. 
Patting - 61 O01 20 4J3 | 20 
Roſtbrugh 61 03 |25 04] Hopelland. 76 13]23 6 
Abbo 63 194 20 | Hopeleſs Iſles 77 co[22 54 
Stockholm 5s 49120 6 Nee Folie 77 1023 38 
Frouenboro 58 48115 10] cape Bland 78 25|23 26 
Fuland $7 42]19 *'21 Helis Sound 79 27|24 19 
Faſtinboro 56 02115 #9 | Point Lookout 76 25|20 18 
Scarlet Iſland 56 40 | 16 O2 Horn Sound 77 07 i 20 00 
Elſinbrough $6 46115 ©0] pear Sound 79 15|19 55 
Cape Cole 57 ©0j15 3% | glack Poitit 78 3218 34 
Nading go 91355 Cape Cold 79 oj 17 56 
_ _ - - : g | Fair Foreland 79 15 ( Ig 29 
oy SVSTs he Coaſt of the North-Weſt Diſcovery, 
From Naze of Norway to Archangel. aetpics be ary" 
The Naze of Norway 58 o0| 10 26 Tha Places Names, Latit. | Loi. 
Stave Angor 50 $7109 44 D. M.|D. M. 
Out Shers_ 59 0708 30 | Cape Farewel 59 oo|41 5g 
 Bomal 59 31] 09 0O4| SirThomas Smith's Bay 79 10| 79 50 
Harla Iſland 60 24| 09 O2| Batton's Iſles 69 20|62 50 
Katts Neſs 61 54108 06} gell-Ifle | 1 O2 | 48 44 
Swin 62 40|09 10| Wherethe Table is begun, on the Coaſt of 
Gallee 62 52|c9. 46 Terca-Nova. © 


A Deſcription of the Table of the Latitude and Longitude of Places. 
HE Ancient Geographers, from Pto!ony's Time downward, reckoned the Longitude of Places fromthe 
Meridian, which paſſerh through the Cape de Verde Tſtarids 3 and others at the Canary Iſlands; and 
ſome ar the Iſle Pico one of the Azores; and others fromthe Weſtermoſt part of St. Michaels, anothet of the 


Azores: Who alteic they difter greacly in reſpe& of the beginning cf their ſeveral irudes, they come al 
roa prerry neat Agreement for their difference of 


t »ngirude from any particular Meridian or Place :_ And for 
the cxa& ſeuling of Laritudes, we have many certain helps ; bur the Longirude of Meridians hath till wearied 
the inoſt Able Maſters of Geography. By Latitude and Li 


irude, the Geographers ſtrive ro repreſent the 
Parrs of the Earth, thatthey may keep Simmetcy and Harmony with the whole, | 


The difference of Longirude between two Places, is an Arch of the AquinoRial ivrercepred berween the 
two Meridians, p=fling by thoſe Places. | 

The Latitude of a Place is the diſtance of the Zenith, or the Vertical Point thereof from the Mquator, or 
the Heizhr of the Pole «levared aboye the Horizon. You have been ſhewed ſeveral ways already, for the find- 
ing the Poles elevation avove the Horizon; Bur this Rule will nor be impertinent in this place, being notnamed 
before, which 1s by the Stars thus, and is proper to obſerve the Larirude on the Land. 

You muſt obſerve ſome Fixed Stars in the Heavens, which is near the Pole, and that never ſets in thatRe- 
gion: Thus, you may obſerve the leaſt and alſo the greareſt Altitude of the ſaid Star, when he doth come to 
the Meridiag underthe Pole and alſo above the Pole 3 which done, you maſt add the leaft Alritade to the 
greateſt, and rake the half thereof, which will be the Elevarion of the Pole, or Lat. of the Place, Suppoic 
the firſt Star of therhree in the Tail of rhe Great Bear, in his leaſt Alric. obſetved at Briſtol, is 10d. 59 m- and 
the grea;eſt Altir. of the ſame, when he is above the Pole, is found robe gr d. 59 m.(or 88 d. 1m. from the 
South p.rrot the Horizon) borh which Numb. being added rogether, do make 102d. $8 m. The halt of that 
tzme is 51d. 29 m.rhe Lat. or Elcvar. of the Pole at Bri/10!. I begin the Long. ac the Merid. of the Liza1d,ard 
encicaſe :r on each ſide ot that Merid. frem thence to 180 d. both Eaſtw, and Weſtw, therefore you muſt note, 
Thar Ly theſe Tables all P:aces that lie to the Eafty, of the Merid. of the Lixard, are ſaid ro be in Eaſt Long- 
and all Ylaces onthe W. fide of the Merid. ot the Lizard in W. Long. Therefore a Ship being in E, Long. ſail- 
ing ro the Eiſiw, the increaſerh her Long. bur ſailing ro the #+ſtw. 1 decreaſeth. And likewiſe if a Ship be to 


the 'reſtw. ot the Lizard, that is in W. Long, and ſeiltth ro che Weſtw. rhe Long, increaſeth, bur ſailing co the 
Eaſtwacd, the Longirude decreaſerh, 
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Inſtruments, and the uſe in Navigation ; 1 am alſo willing to ſhew him the 

uſe there may be made of his Sea-Compaſe, commonly called the Azimuth, or Am- 
plitude-Compaſe, which all ingenious Mariners carry to Sea. 

5 Compaſs requires but little Deſcription, it being ſo well known to all 

N2-men z for it is the fans ta 6 anger as they ſteer the Ship by. The Chart nitkia the 

aa or 


[ Have been all this while hanring the 4ariner, How to deſcribe and make his own 


p 
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Box is divided as you ſee in this Figure, each quarter into go Degrees, beginning at 

prd{Gavth;; numbred Eaſt and Weltward ; on the Glaſs there is a Rrafs Circle 
and Diameter, that goes ayer the Center of the Compaſs-Chart, the Braſs Circle may be 
about 4 + Inches: Diameter, 2nd about {of -an inch broad ;, theoutward Circle js 6j- 
vided into 360 Degrees, by 92 Degrees in each Quarter, as the former was the Fi@re 
makes att ptainto rhe mezneſt Capacity ; the inward Circle is the Hours and Quarter, 
and they are numbred as you ſee inthe Figpre. 

In the Diameter FGH K there js a right Line drawn in the midſt, as GH, and 
each end is two ſlits of an inch and an half long, as FG and HK; which are cut riphe 
in the middle with a ſmall Lute-ſtring, by which in taking any Angle, you muſt be fyre 
to ſet the North Point right under the one, and the South Point under the other, and 
then turn the Index (that is riveted to the Center at C) to the Obje, and look through 
the ſights that ſtand upon it, and when you find you ſee it plainly, and have made a good 
obſervation of the Angle, look what Degrees the edge of the Index cuts, and npon what 
Quarter of the Compaſs : and that number of Degrees is the Angle from the Meridian, 

The ſights that ſtand perpendicular on the Index, are 1 inch 2nd 3 long ; the further 
ſight hath a Wire that gocth through the midſt thereof, by which we cut the Objet : 
that ſight next the Eye bath only a flit, through which you muſt ſee the Wire cut the 
Object you look at when you make any Obſervation. : 

Berwixt the two ſights is a right Line drawn through the midſt, and at the further 
ſight is faſtned a.perpendicular of Braſs with a right Line through the widſt as RD: thi; 
perpendicular is. faſtned with two ſmall Brafs Screws to the further ſight, and at Dis 
a hole wheic faſtned a Silk Thread put through a ſmall hole in the Eye-ſightats, 

| and faſtned;with a wooden Pin. 

The ufe of And this is. for to take the Sun's Azimuth at any time of the day, by turning the 
OW. Eye-ſight to the Sun, and the Slits over the North and South Point-of the Chart (asbe- 
paſs. fore direted); and when the ſhadow made by the Thread DS falls upon the Line $A 

in the midſt of the Index, and on the perpendicular Line R D 3 then on that inſtant take 
the Sun's Altitude by a Qnadrant or Staff, and note it down : and likewiſe the Degrees | 
cut by the Index at the Eye-end, and that is the Sun's Magnetical Azimuth at that time. 
. The Ampli- If you unſcrew the Perpendicular from the Sight, then you have the Compaſs re:dy to 
£44:Co- take an Amplitude at the Sun's Riſing or Setting : but more of that in the following Tres: 
paſs tiſe, when we ſhall touch upon Aſtronomy. | 

When you make uſe of the Compaſs for Surveying of Land, you have a Braſs Socket 
ſcrewed faſt to the bottom of the inward Box that holds the Chart : In that Socket you 
put the head of your three-leg'd Surveying-Staff, with a ſmall ſcrew on the fide to faſten 
it to the head, that it may not ſtir when the Compaſs is ſet North and South, as before 
direQed ;. thefi you may turn the Index and Sights to what obje& you pleaſe, and be ſure 
of your Anglefrom the Meridian, if your Charthe good, and the Needle well touched 

How the and placed. . Thoſe that make them ſhould have a ſpecial care of that ; and that the 
Needles of Points of the Needle be faſtned and cemented together, ſo that Bay donot ſtir, as 1 have 


the Compaſs riners to'tmake a con- 


maſt be fat, 1EEN in many Chartscareleſly made. I would adviſe all ingeniqus M 
ſtant practice of taking obſervation of the Sun's Azimuth z_ and ſteer a Courſe, and make 
allowance accordingly, by a Meridian Compaſs, as hath been ſhewed elſewhere; and 
then this Inſtrument will come to the Truth, as well as a Needle of greater charge, or 
the Plain Table, or the Theodolite, Circumferenter, or Peratter. And yet | cannot but high- 

Of the De- ly commend theſe Inſtruments as very uſeful. Neither dare l reject as uſeleſs, either th: 
wicts of In- 1 0pegr apical Inſtrument and Croſs.Staff of Mr. Diggs, the Familiar Staff of Mr. Jobn Bl: 
ſtruments, grave, the G eoaetical Staff, and Topographical Glaſs of Mr. Arthur Flopton, the Seftor Cro[s- 

Staff, and the Pandoron of Mr. George Atwel, or any other witty Invention which bath 
been devifed for the exact Plotting, and ſpeedy Menſuration of a}{ manner of Superficies, 
as Land, and thelike. But in regard the Authors have in their own Works, to their ex- 
.ceeding Commendation, deſcribed the Making and Uie of the ſaid Inſtruments ; I ſhall 
{ay no more. - 

- And for the Mariner's Compaſs in a mannerto do the ſame things for the Surveying of 
Land, 1 hope will be well taken and accepted of all ingenious Mariners, for whoſe {ake | 
take this pains. | | 

Let the Glaſs over the Chart be as clear as poſlibly you can pet it. 


The Staff, The Figure of the Staff is plain; /it needs no further deſcription : it is to be had at any 
FO Inſtrument-Makers. | | | _ 


Chap- [. 'by the Sea-C ompaſs. DM 


Of Chains there are ſeyeral ſorts, as namely, 
Foot-Chains,, each Link containing a Foot or 
i2 Inches 3 ſo the whole Pole or+ Perch will 
cogtain 16 ; Links or Feet according to the Sta- 
tute Pole. | 

The Chains now uſed, and in moſt eſteem 
among Surveyors are three : as, Firſt, Rath- 
born's, which had every Perch divided into 
1c0 Links: and that of Gunter*'s, which hath 
+ Perches or Polcs divided into 100 Links - 
$ that each Link of Gunter's Chain is as long 
25 fotr of Rathbors, And Wing hath de- 
{cribed a Chain of 20 Links in aPerch, for 
the more ready uſe in his Art of Survey- 
inzg- Therefore when we have taken the 
Angles, and plottcd a piece of ground, we 
will ſhew how to know the contents thereof 
in Acres, Roods, and Perches, by the two laſt 
Chains, 


SEC TT. I. Gunter's Chain.” 


| Vnter*s Chain, is a Chain moſt uſed amongſt the Suryeyors of this Age, and is a1- 
ways made to (Qatatt 4 Poles, and each Pole 25 Links, and each Link 7 Inches -?* 
of an Inch. In meaſuring with this Chain, you are to take notice of only Chains and 
Links 3 ſaying, ſuch a Line meaſured by the Chain cf#htains 64 Chains 45 Links, or thus 
litinguiſhed 64. 45- | 
Now for the ready counting of the Links 3 at every Perch let there be two Curtain- 
Rings faſtned, and one Ring at every five Links : ſoyou may readily count the Rings at 
either end. If the Ingenious Mariner wants a Chain, he may mark a fix Fhread-line, 
before direQted, with Red Clcth and White for diſtinftion, or bits of Leather, as we 
mark our Dipſey Line ;, and be ſur to ſtretch him well firſt ; or if you can, legit be a Top- 
rallant Brace half worn ; then meaſure it exa&tly, and mark him as before direQted, and 
you may meaſure any piece of Land or Plantation, or any diſtance, as well in dry or wet 
Weather, as with a Chain, without ſenſible Errour. 


SECT, Il. Cautionsto be obſerved in the uſe of any Chaig. 


Hen you have occaſion to meaſure large diſtances, you may by chance miſtake or 
miſs a Chain or two in keeping your account, which will breed a conſiderable 
Eror ; and alſo in meaſuring of diſtances, in going along by a Hedge-ſide you can hard 
ly keep your Inſtrument,Chain and Mark; in a right Line ; and therefore the diſtance will 
be more than in reality it is. For avoiding theſe miſtakes, you ought to provyide ten ſmall 
ticks, which let him that leadeth the Chain, carry in his Hand before ; and at the end of 
erery one of thoſe Chains, ſtick one of theſe Sticks or Arrows into the Ground, which 
kt him that followeth take up ; ſo going on until the whole number of Sticks be ſpent, 
and then you may conclude you have meaſured ten Chains without further trouble : and 
theſe ten Chains, if the diſtance be large, you call a Change, and fo you may denomi- 
nate every large diſtance by Changes, Chains, and Links, in a piece of Paper where you 
keep the account. 


SE GT. UL How to redict any Number of Chains and Links into Feet and Tards. 


N taking of Heights and Diſtances hereafter taught, it is neceſſary to give your mea- 
ſure in Feer and Yards, by reducing of your Chains and Links, thus : 
Multiply your Numbers of Chains and Links, as one whole Number by 66, cutting oft 
the Produtt the two laſt Figures towards the right Hand 3 ſo ſhall the Figures to the lefc 
Hand be Feet, and the Figurescut off ſhall be 100 parts of a Foot. 


Tet 
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a 8:06} Let it be required to know how ma- 

- 66 | ny Feet are contained in 5 Chai 32 

am co___— LS Set down the Chains and Links 

"on 4836 { witha Colon (:) thus ; and theſe Myl. 

J p. N Examples, 4836 | tiplied by 66, the Sum will be 351 Fo 
Sw a _ pd arts of a —_ as thus 

; book 531, 96 | ſeeitſtand 351 :12. This is the R 
333 {ale Es ) by Gunter*s Chain. _ 


If you divide the Feet by 3, the Quotient will be 117 Yards. Now if you haye leſ 
than 10 Links, as 6, you muſt always remember to put © before the 6, and multiply 
the number as you ſee in the laſt Example. 


SE CT. IV. How to caſt up the Content of any piece of Land in Acres, Roods, and 
Perches, by Gunter's Cain, 


Y a Statute made the 233 of Edward the Firſt, an Acre of Ground ought to contain 

160 ſquare Perches, and every Rood of Land 40 ſquare Perches, and every Perch 

contains 16 - Feet; and 4 Perches or Poles, in breadth, and 40 in length makes an 
Acre : which multiplied together is 160,ha]f an Acre is 80, a quarter 40 ſquare Perches, 

Suppoſe the Figure A B C D were a ſquare 

A MONT B piece of Ground (as the Marſh of Brifol), and 
E- were 15 Chain 16 Links every way : Then 

to find how many Acres, Roods, and Perches 

arein it, do thus : Square the ſides, thats, 

| Multiply one in the other, and cut off the five 

laſt Figures to the righthand, and that before 

. is Acres : what remains, multiply by 4 (for 4 

Roods makes an Acre) and cut off five Figures 

as before, and before the Comma is Roods; 

that which remains, multiply by 4o the nun- 

D - ber of Perchin a Rood, and cut off five Fi- 


TOE ” _ gurestothe right hand of the Produdt ; an 
in like manner you have the odd PerCiies. This Example will make all clear and plain, 


So you will find 15 Chains, 16 I5 : 16 
Links multiplied together, as be- 15 2.16 
fore direted, will produce 22, wes: By the Line of Numbers, 
98256 : the 5 laſt Figures cut off $i A 
£o the left hand,there remains be- : I Extend: the Compaſſes on 
fore the Comma 22, whichis 22 T3 p the Line of Numbers (on the 
Acres, and the 5 Figures cut off; ay 5 Scale of Scales) from 10 un 
multiplied by 4, the Produ& is Acres 22, 98256 | to the fide of the Square AB 
393024: 5 Figures cut offon the 4 | 15Ch, 16 Lin. the ſame extent 
left hand, the remainder is 3 Rog; 3, 93024 | Willreach from 15 Ch. 16 Lin.to 
Roods; and the 5 laſt Figwes mul- " "" 40 | 22 Acres ts 
tiplied by 40,cutting off 5 Figures, 
and the reſt will be 37 Perch, Perch 37, 20960 


SECT. V. How to meaſure a Long Square piece of Ground by a Chain of 20 Lins 
to a Perch, according to Wing. 


Ing 1n his Art of Surveying, in the 113 Page, hath deſcribed a Chain of 20 Links 
in a Perch, which is ſomewhat more ready, if you will reckon the Land it 
Perches for ſmall parcels of Land, | 
Suppoſe a piece of Land be in length 36 Perches and 16 Links, and in the breadth 
3 Perches 2 Links : By this Chain I deſire to know the Contents thereof, having 20 
Links in a Perch, 1 defire to perform the Operation in a Decimal way 3 368 
count by half the number of Links, and-then the Sums will ſtand thus ; 
and cutting off 2 Figures, you bave for the Content of the piece of ———7G5 
Ground 114 Perches +: parts. But I would adviſe the PraQtitioner in R k. 
greater parcels of Land, to follow Gunter's Chain, Surveyors all gene- — 
rally making uſe of it : therefore, for further Uſe of Wings Chain, 1 Fg. OY 
refer you to bis Book of the Art of Surveying. SRO 


Chap. I. by the Sea-Compaſs. 


SECT. VI. To meaſure a long Square piece of Ground. 


ET the piece of Ground be A BCD whoſe A B 
length AB is 11 Chains 25 Links, or 45 | 
Pergh and his breadth AC 8 Chains, or 32 Perch. 
Multiply one by the other, as before in the 
laſt Example direfted by Gunter's Chain ; and 
you will find the Content of the Ground to be g 
Acres jult. 


By the Line of Numbers. 
Extend the Compaſles from the © Center, which 
is 2t 160 Perch unto the length AB 45,and the ſame C D 
Giſtance will reach from the breadth A C 32 Perch, to 9 Acres. 


SE CT.- VE... Fo meaſure a Triangular piece of Ground. 


Uppoſe the Baſe of a Triangular 

piece of Ground A D, whoſe mea- 
ſure 18 11 Chains 25 Links, or 45 
Perch, and the perpendicular C P 32 : C 
Perch, or 8 Chains 3 Take the half 
thereof, and multiply the Baſe by +. 
the Perpendicular, it will produce the 
Content of the Triangle to be 4 Acres, 
: Roods. 


By the Line of Numbers. 
Extend the Compalles from the 
Center, which is at 320 ---- unto the 
kiſe A D---45, the ſame extent will A, : ID 
reach from the Perpendicular C P 32 A35P 
uo the quantity of Acres, which is | 
4 dcres +5 as before. = ; 


SECT. VIII. To meaſure a piece of Ground of four unequal ſides, called a Trapezia. 


[5 the Ground given be AB CD; after you have taken the Angles with 
your Compaſs, and noted them down in a piece of Paper or Field-Book, (as 
tall be ſhewn in the following Diſcourſe) you muſt Protraft or lay down the Fi- 
areas I do this, by a Scale of equal parts of 10, 15, 20, 23, Or 30 parts in ar 
lack; (I have laid down + fv 

al that follow by 20 
partsor Perch in ao Inch) 
then draw the Diagonal 
Line A C, and with your 
Compaſſes take the di- . 
ſtance AC, and apply 
it to your Scale of 20 
och to an lachuind you. Ad: ce * 
will find is 60 Perch, 

or 15 Chain; and then 

if you let fall the perpen- 
diculars B F and DE, 

and meaſure them in 

the like manner , 'you 

will find by your Scale 

BF 20 Perch,or 5 Chain, . 
and D E 2.4 Perch, or 6 Chain. 


4A2R 


In reſpect the Baſe is common to both the Triangles : Yau may therefore add 
thetwo peryientticulers together,,20 and 24, the Sum will be 44, the half thereof 


is 22 Perch. This Number being multiplied by the length of the common Baſe AC, 
rch. This Number belng = ngth 50 Perch. 
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60 Perch, giveth 1320 Perch, that divided by 160, gives the Contents of the Tra. 
jaor picce of Ground to be 8 Acres, 1 Rood. You might have multiplied hajf 
the Baſe AC 3o by the ſum of the two perpendiculars 44, and it gives you the ſame 


as before, . 
By the Line of Numbers. 

Extend the Compaſſes from the 4 Center at 320 ; . 
to half the length of the Diagonal AC 30 ; 

The ſame will reach from the Sam of the perpendiculars 44, to the quantity of 
Acres, which is 8:35 Acres. 

After this manner you may meaſure a piece of Ground of 5, 6, 7, 8, or any num- 
ber of Sides, by bringing it into Triangles and Trapezias,as ſhall be ſhewn hereafter, 


SECT. IX. To maaſwe apiece of Ground in the form of a Circle. 


Ultiply the Diameter into it ſelf, and multiply that Produtt by 11, and gi- 
vide by 14, the Quotient is the Area of the Circle. Example. In this Circle 
B CD let the Diameter thereof be 56 Perches, Feet, or Inches, which multiplied 
in it ſelf giveth 3136. This Number multiplied by 1 1, gives 34496, which bei 
B divided by 14, the Quotient will be 2464, 
that is the Area of the Circle. 

How many Poles, Feet, or ſquare-ln- 
ches, are in any Circle whatſoever, you 
may know alſo by this Rule; Firft, if 
you know the Diameter, and would find 
the Circumference, ſay as 7 to 22, ſothe 

Diameter 56 to the Circumference 176; 
or if you know the Circumference, and 
would find the Diameter, ſay, as 22 to 7, 
ſo is the Circamference 176, to the Dia- 
meter 56. 

The Diamtter and Circumference bring 

thus known ; the Rule to find the Con- 
_ tet 4 this, 


The Diameter being 56 Perch, andthe 

DR, lh A TICMNS Circumference 176, the balf of each of 

theſe multiplied together, and diyided by 160, will give the Content, viz. Acres 
Perch 24; 


18, Roods 1, 
By the Line of Nuinbers. 

Extend the Compaſſes from O Center at 203 -?, unto the Diameter AC 56, the 
ſame diſtance will reach again from 56 to the quantity of Acres 15 +. | 
Though the ordinary proportion of 7 to 22 is fomewhat too much ; yet it is but 
about 1 in 2000, which will breed no great difference in theſe Queſtions. 


SECT. X. To nieaſure a piece of Ground it the form of an Elipfs, connenl 
' Called an Oval. 
N 


the Oval AB CD, let the length be given 
40 Perch, Feet or Inches; and DB 30 of 
the ſame meaſure: Then to find the Quadtity 
in Perch, Feet, or Inches (if you work by the 
ſame Denomination of Feet and Inches, as 1 do 
of Perches). 
_ Multiply A C 49 by DC 30, the Produtt mul- 
tiply by 491, and from that Produft cut off 5 


| Figures, the Contents will be 5 Acres, 3 Ro0ds, 
22 Perch. - 


| By the Line of Numbers. : 

Extend. the Compaſſes from the 0 Center 11 

the Line at 203 -7 to the length of the Oval AC 

40, the ſame diſtance will reach from the breadth 
e. 


DB 30 unto the Contents in Acres, 5 Acfes *- 
fer | | My SECT. 
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SECT. XI. To meaſure apiece of Ground lying in form of a Seftor of a Circle. 
Et the Setor be AB C, whoſe ſides is A B, or 
AC 48 Perch, andthe Arch thereof BC 30 
Perch : Then to find the Contents in Acres, mul.- 
tply AB 48 by BC 30, the Product divide by 320, 
the Quotient is 4 Acres, and 160 remains, which 
divided by 2 the Quotient is 80 Perch ; ſo the 
Contents of this piece of Gronnd is 4 Acres, 
2 Rood. 


By the Line of Numbers. 

Extend the Compaſſes from the 4 Center at 320 
unto the ſide, (or Semidiameter) AB or A C 48, 
the ſame diltance will reach from BC 30, to the 
quantity of Acres 4 and :1. 


A 


SECT. Xl. To meaſure a piece of Ground being the Segment of 4 Circle, 


Et the Segment be repreſented by ABC, in which AB is 6o Perch, and DC 18 

Perch. Firſt, find the Diameter of the Circle, thus, As D C 18, is to the 

half of A B (thatis AD) 30: Sois AD 3o to DE 50; add DC 158, the Sum is 68 
the Diameter CE. 

Then find the Area of the 
Circle ACBE by Set. g. 
which will be 3633 Perch. 

Then find the length of 
the Arch ACB in Degrees 
and Minutes, thus, As FB 
34, to AD 30: So is the 
Radius, to the Sine of 61 
Degrees 55 Minutes, which 
doubled is 123 deg. 50 min. 
or 123 deg. +. 

Then find the Area of the 
SQor AFBC thus: As 360 
deg. to 123 dep. +4, ſo is 
3633 the Area of the Cir- 
ce, to 1249 Perch the Area 
- of the Sector. 

Then find the Content 


of the Triangle AFB by : y 

S8. 7. which is 480 Perch. hy, "at : yu. 
Then ſubſtra&t the Area Oy ELSE TROL 

of the Triangle 480, from E 


the Area of the Sector 1249 the Remainder 769 Perch is the Content of the Seg- 
ment ACB; which reduced to Acres makes 4 Acres, 3 Rood, 9 Perch. 

Nete, If it be required to find the Content of the Segment AEB, which is bigger 
than a Semicircle, you mult add the Area of the Triangle AFB to the Area of the 
Sector AEBF, and the Sum is the Content of the Segment. 


SECT. XU. A piece of Ground being meaſured by the Statute-Perch of 16 - 
Foot, To know how many Acres it is, it being meaſured by 4 Perch of 21 Foot, which 
is the Iriſh Perch, | 


Example, Piece of Ground being found 9 Acres by the Statute-Perch of 16 + 

A Foot 3 and you would know how many it is by the Iriſh Perch of 21 

Foot. | By the Line of Numbers. | 

Extend the Compaſles from the Iriſh Perch of 21 Foot to the Engliſh SutnePeorel 
Ss 0 


tt. te. 
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of 16 -; Foot, the ſame Ciltance will reach from 9 Acres turned twice over unto 5 . 4 
Acres, fere : Or in the Scale of ReduCtion extend the Compaſſes from 16 Foot fo 
21, the ſame diſtance will reach from 9 to 5 i in the Line of Numbers, And {6 
of any other meaſure. Now by reducing the 9 Acres into Perches, it makes 1440 
Perch ; and becauſe the greater meaſure 1s to be reduced info the leſſer, Multiply the 
given Quantity 1440 by 121 the Square of 11, It produces 174240, (which 11 vw 
found thus, 16 - being a FreCticn, and reduced into halves makes 33, divided by 3 
i511 : So the Iriſh-Perch 21 Foot in halves is 42, divided by 3 is 14, thoſe two 
Numbers ſquared, viz. the ſquare of 11 is 121, the ſquare of [4 Is 196): the Pro- 
dutt 174240, divide by 196 the ſquare of 14, and the Quotient is 888 -:2: Perch, 
reduced into Acres, is 5 Acres, 2 Roods, 8 Perch 32: that is almoſt 9 Perch, zc- 
cording totþ= Iriſh Meaſure. | 

Suppoſe you had been to reduce Iriſh-Meaſure into Statute-meaſure, then multiply 
1449 by 196, and the Product would have been 282240: that divided by 121, the 
Quotient had been 2332 + Perches, whith make Acres 14, Rood 2, Perch 12 : Sta. 
tute-meaſure. 

By the Line of Numbers. | 

Extend the Compaſſes in the Scale of ReduCtion from 21 Foot the Iriſh Perch, to 
the Statute Perch 16 foot * : the ſame will reach ſrom 9 Acres Iriſh in the Line of 
Numbers, to 14 Acres; Statute-meaſure. 

Or if you extend the Compaſſes from 21 in the Line of Numbers to 16 and : ; 
that extent turned twice over from 9, will fall upon 14 and + Acres, and little 
more. 

So that if you remember in all ſorts of meaſure to reduce your Frattions into the 
ſameDenomination,and ſeek out the leaſt proportional terms, by ſquaring theſe terms 


as before direCted, you have a Rule that ſerves for all ſorts of Cuſtomary mezſure 
whatſoever. 


CHAP. I: 


How to take the Plot of a Field at one Station in the middle thereof by tle 
Azimuth Compals. 


TH Efore you go into the Field, you muſt rule a piece of Paper in 8 Columns 

as you ſee the Figure following in this Chapter, which is called a Field- | 
Book. When you come into the Field, firſt place Marks at the ſeveral An- 
gles of the Field, as at A,B, C, D,E; F, in the following Figure ; then make choice 
of ſome convenient place about the middle thereof at o, to fix your Compaſs, that 
you may ſee all the Marks , and be ſure the Braſs-Diameter and Slits, before deſcrt- 
bed, be fet direCtly over the Meridian or North and South Line of the Chart, and 
there fixed. 

This done, direct your _ to your firſt Mark at A, obſerving what Degrees 
the Index cutteth, which let be N E 36 Deg. ?:: This you muſt-note down in your 
Field-Book in 1 2 and 3 Columns thereof, as you ſee in the Book it is ſet down ; the 
meaſure the diſtance from © the place of the Compaſs to A your firſt Mark, which 
let contain 8 Chains, 10 Links, which muſt be placed in the 4 and 5 Columns of 
your Field-Book. | 

Then direct your Sights to B the ſecond Mark, and note the Degrees cut by the 
Index, which let be Sonth Eaſterly 80 Degrees 3, and the Diſtance $8 Chains 75 
Links. You muſt put them down in the Field-Book, as before; Firſt, the Letter 
B ; Secondly, the Angle with the Meridian cut by the Index South Eaſterly 80 _ 
2.in the ſecond and third Columns, then $8 Chains 75 Links in the fourth and fifth, 
as you may ſee in the Book ;, then direct your Sights to C your third Mark, and 

note the Degrees cut by the Index, which let be S E 16 Deg. 4, and the diſtance 
o C 10 Chains 45 Links, put the ſame-down in the Field-Book likewiſe, as before 
direfted ; then direct your Sights to D, and note the Degrees cut by the Index, 
which let be S W 32 deg. the diſtance 0 D, 8 Chains 53 Links, note it a - 
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te Book, as before. Then direct your Sights to E, the Index cutting 72 deg. 3 North 
Velterly ; and the diſtance O E 8 Chains 15 Links : They muſt be noted in the Book as 
tie reſt are. Laſtly, dire& your Sights to F your laſt Mark, the Edge of the lndex cut- 
wg in the upper Braſs Circle N. W. 18 deg. the diſtance O F 9 Chains 55 Links ; then 
fill the Obſervations ſtand in the Field-Book, as in the following Table or Figure. 
Then by a Line of Chords, or by the Protractor you may preſently protract the exaCt 
ture of the Field upon Paper thus By a Line of Chords; take 60 deg. and draw a 
lircle. Secondly, draw the Meridian Line of North and South, and the Line of Eaſt 
ad Weſt.. Thirdly, in your firſt Obſervation the deg. cut by the Index was 36 deg. 4 
NE. Therefore take 36 deg. 4 off the Line of Chords, and lay from the Meridian 
lire to the Eaſt. Fourthly, the diſtance O A was found 8 Chains 10 Links ; take with 
Jour Compaſs off any Scale of equal parts, 8 and +, (that ſtands for $ Chains 10 Links) 
lay this diſtance from O to A, and draw the prick'd Line OA. 
Then ſecondly, take out of the Line of Chords the ſecond Angles. E. 80 deg. ?!,, and 
ly from the South towards the Eaſt on the obſcure Arch, and through it draw the Line 
0B; then take off the ſame Scale of equal parts 8 Chains 75 Links, that is, 8-75, and 
kyitfromOto B, in a prick'd Line, and draw the black Line AB, which meaſure with 
Jour Compaſſes, and apply it to the Scale of equal parts as before, and you will find the 
fide AB $ Chains 75 Links. The like do by all the other Angles and Diſtances in the 
manner as you have been ſhewed in the two firſt Angles. The Figure makes it ſo Turn thePro- 
Plain, it needs no further Precept ; and you may put down the Numbers on the ſide. ag: m 
Now by the Protrator deſcribed in the Second Book, CEOS 
You may lay the Diameter-Edg thereof on the North and South Line, and through the angles in the 
Center put a Pin on the Center of the Plot at O, and note the deg. and diſtances in the N. E. and S.E. 
Field-Book, as before : the firſt was North Eaſterly 36 deg. 4, put the Edge of the In- gre From 
Cex to 36 deg.-1 in the Arch of the Protraftor z and by the Edge account in the Scale - ij of cheltro: 
thereof 8 Chains 10 Links z and by the ſide thereof draw the Line AO, pricked as be- cator on the 
fore; and ſo do by the reſt of the Angles and Sides in like manner, and you may preſent- Point O, as ve- 
ly draw a Plot of Ground which you have meaſared. The Obſervations marked in the 003 cs _ 
FieldsBaok ſtand as in the following Table. G | The Meridian- 
cc e Line 
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How to take the Plot of a Field at one Station in one of the Angles by the 
Sea-Compals. 


ITN the Figure of the Field following, place your Compaſs at M, ſet you braſs Dia. 


- meter right over the North and South Points ; then firſt direct 
A. which let be « 


irect your Sights to A, 
poſed to be 22 deg. ;. N.E. which note in your Field-Book, x 
before z then mea 


ure the diſtance M A with. your Chain, which let be 8 Chains 46 
Links, which place in your Field-Book according to former DireCtions. 


Secondly, Direct your Sights to B, deg. 3, and ſuppoſe the diſtance meaſured to MB 
10 Chains 21 Links, and put them down alſo in the Field-Book. | 

Thirdly, Dire&t your Sights to C, the deg. cut is 66 deg. :, and the diſtance MC 1: 
Chains 64 Links, put theſe in your Field-Book alſo, as before; and in the ſame manner 


you mult deal with the other Marks D, E, F, and G; and fo having them all in the 
Field-book, they will Rand as followeth : 
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The Figare of the Field-Book, 
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CHAP. IV. 


How to meaſure any Piece of Ground, be it never fo Irregular :. And how to 
reduce the Sides unto Triangles or Trapezias, and to caſt up the Content 
o thereof in Acres, Roods and Perches, 


ſoever, by your Compaſs, and Line marked as the 4 Pole-Chain before deſcribed in 

the fir{tChapter; and it you cannot ſee all theAngles,by reaſon of the bigneſs thereof, 
then you may meaſure round about by the {ſides thereof, as in this Figure following, and 
the Obſervations made in the Field are ſet down in the Field-Book following,which is ſo 
plain that it need no further precept. 

Suppoſe you made your firſt Obſervation at A in the Field in the following Figure, 
(the Compaſs being reCtified as before direCted,) you dircct your Sights along the Hedge to 
the Mark in the corner at B, and the Index cuts 54 deg- from the Southweſtwards, and 
the diſtance is 5 Chains 12 Lipks, which ſer down in your Field- Book thus: AB, S W, 
54 deg. 5 Chains 12 Links; Then make your ſecond Station at B and direCt your Sights 
to C, the Index cuts N W 45 deg. 2 Chains 89 Links, which note down in your Field-Book 
' you did before in the ſecond place; and ſo doby all the reſt. From Cto D,N W 76 deg. 
3 Chains 35 Links, from DtoE, N E 31 deg. 4 Chains 55 Links, fromEtoF, NE 56 
deg. 2 Chains 87 Links, from F toG, N E 21 deg. 2 Chains 30 Links, from G to H, SE 
5i deg. 2 Chains 95 Links, from H to K, SE 34 deg. 3 Chains 25 Links, from K to A, 
SW 4deg. 2 Chains 95 Links; Thus all th@ Obſervation being pliinly ſer down in 
the Feild-Book; you may proceed to protraCting your places of Obſervation and Marks in 
the Ficld, and your degrees and length of Lines as they are placed in your Field-Book, we 
proceed to examine the truth of the Survey thus. 

Firſt, As the Radius or vine of go deg. is to the length of the ſide of the Field in Chains 
and Links, or Perches and 100 parts; ſo is the Sine of the degrees cut by the Index to the 
kngth of the parallel of Eaſt and Weſt in Chains and Links, or Perches and 1c parts. 

Taerefore on your Scale extend the Compalles from the Sine of go to the length of the 
fide of the Field in the Line of Numbers,the ſame diſtance will reach from the degrees cur 
by the Index to the length in the Parallel of Eaſt or Welt. | 

Secondly, Asthe Radius or Sine of go degrees to the length of the ſide of the Field in 
Chains and Links,or Perches andr10c parts,fo is the Sine Zomplemeat of the degrees cut 
by the Index to the length of the Meridian either North or South in Chains and Links, or 
* Ferches and 100 parts. | 

Wherefore extend the Compaſles from the Sine of go degrees to the length of the ſide 
of the Field in the Line of Numbers 3 the ſame diſtance will reach from the Sine Comple- 
ment-of the degrees cut by the Index to the length North or South in the Meridian. 

Now to know by the Chains and Links. The firſt Obſervation from A to B, is S W 54 
deg. and the diſtance AB is 5 Chains 12 Links; therefore by the laſt Rule extend the 

Compaſſes from go deg, to 5 Chains 12 Links, in the Line of Numbers, that diltance 

Mill reach from 54 deg. cut by the Index to 4 Chains 14 Links in the Line of Numbers, 
which is the diſtance in the Parallel of Weſt, and alſo the ſame extent will reach from the 
Complemeat of 54 deg. wich is 36 deg. to 2 Chains 97 Links in the Line. of Numbers, 
which is the diſtance in the Meridian South and put it in the South Column of your Field- 
Book as you did 4 Chains 14 Links in the Column of Weſt; and ſo you may do with the 
reſt of the Obſervations. | 

Or you may convert your Chain and Links into Perches and 100 parts of a Perch, and 
then you may Protra@ in Perches and 100 parts as | have done in theExample following. 

Thus if you multiply the number of Chains found in the ſide by 4, (by reaſon 4 Perches 
are in a Chain) and if there be above 25 Links in the Place of Links, divide by 25, and 
the Quotient will ſhew the odd Perch to be added; and what remains multiply by 4 like- 

. Wiſe, the Produd will be 100 parts of a Perch. 
As for Example. 

The firſt ſide A B its diſtance 5 Chains 12 Links, multiply by 4, makes 20 Perch, +: 

mk which put in the next Column to it: Now if you extend the Compaſſes from 90 

eg. to 20 Perch + *parts, the ſame diſtance will reach from the Sine of 45 deg. cur by 

the Index to 16 Perch 57 parts, which is in the Weſt Columy, agd the fame extent _— 
reac 


G er you were to meaſure a Piece of Ground, Wood, or Marſh,or any place what.. 
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reach from the Complement of 54 deg. which is 36 deg. to 12 Perch, 4 parts, which ] at 
in the South Column : and by the ſame Rule | work in like manner in the reſt of the 
ſervarions. The ſecond ſide BC is 2 Chains 89 Links, .reduced as before, makes 11 Perch 
x {4 parts and ſo working with them as before direCted, you ſhall have all yout Nurbbers 
as in this Figure of the Field-Book. 

When you have in this manner compleated all the Numbers of the four laſt Colum 
add them vp ſeverally; and if you find the Sum of the N. Column to agree with the 
S. Column, and that of the Eaft to agree with the Weſt, you may conclude the Obſer- 
vations are truly made ; if not, there 1s an Error. 


Houſes Names. Sides." Ang. with Merid.Ch, Li. Pol. pts.\North.\South. | Eaſt. | Weſt. 
 Fobn Cook |A BS VW : 54 Deg.' 5 12 20 gt (2 4 16 57 
4.43... 38-32 44 | 2 89 11 5 8 16 $ 18 
C DNV : 76 3 3*| 13 4c| 3 23 13 C2 

D EN E: 31 4 55! 18 2c|15 6c S.37 

E FN E: 56 2 $7, 11 4t| 6 42 9 51 

F GNE: 21 2 30, 9 2c| 8 55 " 

CGH» Et: 3, 2 95' 11 $c 7 4319 17 

H xs E : 34 3 25 13 00 to 78]/7 26 
K MS W: 4, 2 95] 11 $c [1 77 83 
The Sums|42 02]42 02138 60138 60| 


If there be any Hou ſes by the Hedge ſide, make a mark in your Field-Book in that Angle, 
how many Chains or Perch from the placg you obſerve, and fo inſert it in your Plot. 


South 


" North + 


. As for Example; 
There is a Houſe in the firſt ſide A B, at 2 Chains 42 Links; therefore put it down in 
your Book, with the Mans Name that owns the Houſe, Joby Cook, or the like 3 and if 
any Houſe, Church, or Caſtle, be in the middle, take the Angle thereof fron any Point, 
and meaſure the diſtance, and note it in your Book, and enter it into your Plot, as I have 
done this Houſe. By theſe Rules you may cowpleatly take a whole Pariſh; FRE P 
_ and ; 
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DNL... 
10and : Now if you draw a Plot by the ProtraCtor deſcribed in the Book of Inſtruments; 
you muſt rule your Paper or Parchment with an obſcure Meridian-Line, and Parallel Lines 
+hout 1 Inch and! aſunder; and putting theCenter-Pin upon anyPoint,turn the ſide of the 
Protrator Parallel to the Meridian, and look in the Field-Book for the Angle, and put 

dge of the Index to the degrees, and count the Perches on the Index, there make 
a Mark with your Pin for the ſecond place, and draw a Line from that place by the Edge 
of theRuler for the ſide of the Hedge or Field, 

As for Example. 

Suppoſe you were to draw the ſide A Bin the Plot with your ProtraCtor, lay the Dia- 
meter-Edge of your ProtraCtor to the Meridian Line ; then in the oppoſite Degree and 
Quarter which in this Example is N E : I put the Foot of the Index to 54 Degrees, and 
from the Center, the Edge points S W 54 deg. then number the Chains, and Links, or 
20 Perches 48 Parts, and from that Number to the Center draw a Line by the Edge there- 
of, and you have the ſide AB; by this Rule you may gain 211 the reſt. | 


Now we ſhall proceed to find the juſt Quantity or Content of this Piece of Ground. 


E have ſhewed ia the fore-going Chapter, how to meaſure the Geometrical 
Square, the Parallelogram, the Triangle, Trapezium, the Circle, and the like. 
Now we will ſhew you bow to caſt up the Content of any Field whatſoever. Suppoſe 
the fore-going Figure ABCDEFGHK being drawn or protracted by a Scale of 10 
Perches in an Inch, and the Content thereof is required. Now becauſe it is an irregular 
Plot, neither in the form of a Square, Parallelogram, Trapezium, nor Triangle ; there- 
fore | reduce the main Body of the Field into the Trapezium ACE K, and the Reſidue 
ef itinto 5 Triangles, as ABC, CDE; EFK,FHKandFGH. 

Now to know the juſt Quantity of Acres, Roods, and Perches the Field contains, 
lirſt meaſure the Trapezium ACEK, taking with my Compaſlles the length of the Per- 

- pendicular C O, and apply it to my Scale of 10 Perches in an Inch, and find it 14 Perches 
1! parts; and likewiſe the Perpendicular K P, and find it 10 Perches, 50 parts, which 
[zdd together, and they make 25 Perches, 38 Parts, which | multiply in half rhe Baſe 
AE 16 : 43, and the Produt is 416 : 9934: Therefore if you cut off 4 Figures to the 
right hand, you will have the Contents of the Trapezium 416 Pecches, and +2? parts, 
rcting the two laſt Figures. 

ln the like manner for the Triangle A B C, I multiply half the Perpendicular 4 : 75 

\ bythe whole Baſe 25 Perches 26 Parts, or the whole Perpendicular by halt the Baſe, as 

before, it is all one : and the Produtt is the Content of the Triangle AB C 119g Perchse 

99 Parts: and ſo likewiſe for the Triangle CDE, multiply half the Baſe 9 Perch 52 

Parts, by 1 2 Perches 20 Parts the Perpendicular, and the Product is 116 Perches 14 Parts, 

the Contents of that Triangle. Likewiſe in the Triangle E F K, the length of the Per- 

pendicular is 7 Perches, and the half length of the Baſe is 14 Perches 70 Parts, the Product 

5102 Perches 9o Parts, the Content of that Triangle EFK : Inthe Triangle F H K the 

Perpendicular is 6 : 10, half the Baſe F K 11 : 50, the Content is 70 Perches 15 Parts : In 

the Triangle F G H the Perpendicular is 7 : 92, and the Baſe 13, the half chereof is 

6:50; theſe multiplied together, the Product is 51 : 48, for the Triangle F GH. 

Laſtly, 1 add the ſeveral Sums together, and they give the Content of the whole Figure 
inPerches and 100 Parts. 


Trapezium ACEK--———416 : 99 

I Triangle ABC: -119 : 98 

The Area or Con- J}2 Triandle CDE———116 : 14 

tent of the 3 Triaundle EFK— 102 : 90 

4 Triandle FHKR——-— 70: 15 

5 Triandle FGH——-— 51 : 48 

' The Area 'or Content of the whole Field or Wood is 877 : 64 


Which if you will reduce into Acres, Roods, and Perches, you muſt divide 877 Perches 
by 160, the Quotient ſhews the Acres to be 5 ; that which remains above 49 divide by 
40, and the Quotient will be Roods 1 : and that which remains will be 37 Perches, So 
Un -_”_ whole Content of the ſaid Field is 5 Acres, 1 Rood, 379 Perches, and +5? ofa 

erch, 

This is the way to caſt up the Content of any irregular Field, by reducing it into Tra- 
peziums and Triangles, and adding _ "Ya Products into one Sum, Which qoght 

eed- 
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hzedfully ro be regarded, it being one of the molt material woiks belonging tothe Prac. 
tice cf a Surveyor ; for unleſs he be perfect herein, he can never perform any Work of 
that nature aright. I have been brief and plain in ſhewing the Art of Surveying by the 
Sea-Compals z 1 might have been longer, but to avoid Prolixity, Itbink what is writ ig 
ſyfiicient : 1t any deſire a larger Diſcourſe, he may make uſe of Leybourn, Wing, Ge, 


ms 
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CHAP. V. 


How to take the Height of any Iſland, or Mountain in the Sea by an Example 
made by the Author of the Fleight of Tenerift, 


Any Learned Men have writ of the great Height of ſeveral Hills and Iſlands in 
M the World, For taking of the Heizht of Iſlands in the Sea, none have great- 
er opportunities than Sea-men» By them may all Men be informed of the 
trvth of ſuch like things. 
[t is reported of Ariſtotle, Mela, Pliny, and Solinw of the incredible Height of Athoy, 
a Hill in Macedonia, and of Caucaſus, and of Caſſizs in Syria, and many other places : 
and among the reſt one of the moſt mjraculous things which they have obſerved of the 
Mountain Athes, 1s, that it being a Hill ſituated in Macedonia, caſts a ſhadow into the 
Market-place in Myrrbina, a Town in the lifland Lemnes, diſtant from Athos 86 Miles to 
the Eaſtward. But it is no marvel it caſts ſo long a ſhadow, ſceing by Experience of the 
ſhadow of a Man's body, we find it extraordinary long at Sun Riſing, or Sun- Setting, 
They report it is higher than the Region of the Air. Jul Scaliger writes from other 
Men's Relations, that the Pico of Tenersff riſeth in height 15 Leagues, or 60 Miles : Moſt 
Writers agree, that it is the higheſt Mountain in the World, yet that this iſland cannot 
be ſo high, ſhall appear by the following Obſervation. | 
Patricjus, not content with the former Meaſure of ſixty Miles high, reaches to ſeventy 
Miles high : Now that any Snow 1s generated ſixty or ſeventy Miles above the plain Sy- 
perficies of the Earth and Water, is more than ever they can perſwade any Man that un- 
dcrſtands theſe things, ſeeing that the higheſt Vapours never ariſe by Prolomy 41 Miles, 
and by Eratofthenes's Meaſure 48 Miles above the Earth; that is there is never ary Rainy 
Dew, Hail, Snow or Wind, bur ſtill a clear ſerenity : Bur the Snow lies upon the Pico 
of Teneriff all the Year, except the Months of June and therefore it cannot be ſo high 
| have paſled by Teneriff ſeveral times my ſelf; in the Year 16521 was there in the Caftle- 
Frigot of Londen, Captain Jobn Wall Commander, and Loaded our Ship at Garrachrca,right 
under the P*co. And ſince bound to the HWeſt- Indves in the Year 1656, in the Society of 
Topſam,a Ship 1 had Command of, was ſo put by Weſterly Winds to the Eaſtward,that we 
had ſight of the Pico of Texerif, it bore off us North ; about Noon I was reſolved to make 
Obſervations of the height thereof, to try Concluſions with my Quadrant of 20 Inches Se- 
midtameter, deſcribed in Chapter 16 of the ſecond Book, and | made theſe Obſervations 
following : On the fifth of May 1656, I obſerved, and found the Suns apparent Meridi- 
an Altitude $1 deg. 48 min. his Declination 19 deg, $ min. the Latitude 27 dez, 20 min. 


| the Latitude of Pico 1 found formerly to be 28 deg. 20 min. difference of Latitude 


See Figure 

o8 in the 
following 

Schimes. 


60 rin, which in the followingFigure I make one half of myHorizontal Baſe AD then at 
the ſame time Obſerving the Height or Altitude of Pico, I found it 24 deg. 14 min. 
Therefore according to the Sphericity of this Terreſtrial Globe, conſiſting of the-Earth 
and Sea, I drew the following Figure, the SeQtion of theArchAE f N repreſents the 
Arch of a great Circle, being the Meridian; E B a ſecond Obſervation, N the North part 
of the Horizon, $ the South part, Cthe Port of Garrachica. 

But having three days of Fair Weather.in ſight of Pico I made a ſecondObſeryation,and 
ran to it with my Ship untill l made an Aoyle with the P;co of 45 deg. as the Angle at B 3 
and had- the apparent Meridian Altitude of the Sun 81 deg. 29 min. the Declination 19 
deg. 22 mio, Laticude the Ship is in 27 deg. 53 min. difference of Latitude 27 min. be- 
1ng equal to the height of Pico, 

But touching the Hypotheſis, that the Earth and Sea makes a round Body, it 15 gene- 
rally agreed upon by all the Philoſophers, Aftronomers, Geographers, and Navigators Ancient 
and Modern ; and the diſtance of a degree 60min. reckoned in the Heavens,by Obſerva- 


tions of the Sun or Stars, is more than hixty Engliſh meaſured Miles upon the Supe rficies of 


_ 


Chap. VI. of Iſlands and Mountains at Sea. I5 
the Earth and Sea, as appears by ſeveral Experiments made by able Artiſts ; bat eſpe- 
cially by the Labour and Induſtry of our own Country-man Mr. Richar{ Norwood, as you 
may [{:e in his ſecond Chapter of his Book, The Sea-man's Pratiice, me2ſuring betwixt 
Tork and London, He makes 1t evident that 1 Degree of a preat Circle on the Eaith, 
is near 367200 Feet, which in our Statute-Poles of 16 and - Feet to the Pole is 22254 
PAes, and about a haif, and theſe reduced into Furlongs at 40 Poles toa Furlong, make 
556 Furlongs and 14 Perches ;, and laſtly, theſe reduced int » Engliſh Miles of 8 Fuilongs 
to a Mile, make 69 Miles and 4 Furlongs 14 Poles, that is, 69 and { Miles and 1 4 Poles 
to 1 Degree upon the Superficies of the Earth and Sea. And lecing a Dezrec is the 360 
part of any Circle, equally divided in the Circumference : Therefore if wecan find how 
many Feet, Perches, Furlongs, or Paces, are ina Degree of known Meaſure : then can 
we preſently refolve how many are in the Circumference of any Circle ſo divided on the 
Earth and Sea ; for if there is 367200 Feet inone Degree of a great Circle upon the Su- 
perficies of the Earth and Sea ; it is evident, that if you multiply 367200 by 36a deg. 
the ProduQt is 1321920co Feet, which reduced into Poles, is $01 1636 and theſe reduced 
into Furlongs, are 200290 Furlongs, and 36 Poles: And laſtly, thele reduced into Miles, 
are 25036 Engliſh Miles and more for the Qircumference of the Earth and Sea. 

And now if you deſire the Diameter and Semidiameter of the Earth, as it is proved 
by Archimedes, T hat the proportion of the Circumference of a Circle is to the Diameter 
thereof almoſt as 22 to 7 ; by the Rule of Proportion, multiply the Circumference of 
the Earth ; namely, 132192000 by 7, and divide-the Product 925344020 by 22, the 
Quotient is 42061091, which is the Diameter of the Earth in Feet : and the half there- 
of, namely, 21030545 is the Semidiameter of the ſame, or diſtance of the Superficies of 
the Earth and Sea from the Center, being 21 millions of Feer, and a little more ; and 
theſe reduced into. Miles, as we did the Circumference, ſhews the Diameter of the Earth 
to be 7966 Miles, and ſomewhat more : and the diſtance to the Center or Semidiame- 
ter 3983 Miles, and thus is found the Circumference, Diameter, and Semidiameter of the 
Earth and Sea, and alſo the quantity of a Degree of the ſame meaſure in Engliſh Mea- 
ſures of Feet, Perches, Roods, and Miles. Therefore if you do ſtill retain a deg. in the 
Hzavens to bg 60 minutes, you may find how many Feet is in a Mile on the Earth and 
Water, if you divide 367200 feet by 60, the Quotient will be 6129 feet ; which doub» 
kd, and divided by 3 3, the half-feet to a Perch, the Quotient is 370 Perches, and 30 foot 
remains : divide 370 by 49 Perches to a Furlong, and the Quotient is 9 Furlongs, and 19 
Perches or Poles remain, divided by 8, the Furlongs in a Mile, the Quotient 1s 1, and x 
remains z ſo that a minute in the Heavens by this Experiment upoa the Superficics of the 
Earth and Water, contains 1 Mile, 1 Furlong, 10 Perches, and 3o foot ; therefore my 60 
win. Difference of Latitude at my firſt Obſervation, is found by theſe Rules to be 69 and 
: Miles, 14 Perches, my diſtance upon the Arch of a great Circle from P:co : Therefore 
working by the Rules given in the 16:h Chapter of the ſecond Book, the true height of 
Pico will be found to be 31 +32 Miles, and the diſtance from the Eye to the Top of the Pico 
vill be found by the Rules in the 16th Chapter 76 +; * Miles. 

And working the ſecond Obſervation by the ſame Rules, your difference of Latitude 
77 Minutes BD will be found to be 31 Miles, 2 Furlongs, 14 Perches, 1 Foor, which is 
31 +22 Miles; which is almoſt the ſame Height found by the firſt Obſervation: and the 
diſtance from the Eye to the top of the Pico is 44 +25 Miles. 

By comparing two Obſervations made by Mr. Harry, an ingenious Navigator, in twO This ws 
ſeveral Voyages, the height of the Pico in Teneriff is 2100 Geometrical Paces, that is, inſerted by 
two Miles (of 1000 Paces) and -:, and this, to all knowing Men, will appear to be John Col- 


nearer the truth, than this Obſervation of the Authors. yy uu 
Ages Matbemz- 
ricks in 
CHAP, VI. London. 


How to find the diſtance of a Fort, or Walls of a City, or Caftle, that you dare not 
approach for fear of Gum ſbot : Or the breadth of a River or Water, that you 


cennot paſs, or meaſure over it ; made by two Stations. 


Uppoſe from ſome private place, as at A, yon eſpy a Caſtle, Fort, Tree, or any.5* Fen 
# place whatſoever, that you cannot approach for Gun-ſhot, Marſh-grounds, or a Glewi * 
River betwixt you, or ſome other Impediment, that you cannot make your ſecond Sta- 5,yme;, 
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" 16 The Art of taking the breadth of Rivers, Book V. 


ion in any open place, bnt are forced to make it in ſome other ſecure Place at B; there. 
= Go 6 a Inſtrument or Compaſs at A, and dirett the Sights to C and B, take the 
Quantity of the Angle C AB 46 deg. and go to B, and take the Quantity of the Angle 
ABC 79 deg. then meaſure the diſtance of the two Stations A and B 350 fathoms : Ang 
becauſe the Sum of the Angles CABand ABC is 125, therefore the Angle at C muſt 
be 55, the Complement to 1 50, ; : 
Then by a Plain Scale, or by the Line of Sines on the Scale or Scales, you may pre- 
ſently reſolye the diſtance, as I do by the Tables, 


As the Sine of 55 deg, ACB—— 991336 


to 350 Fathoms, AB 254406 
$9 is the Sine of 79 deg. AB C——— 999194 


to the diſtance 
A C 419 : 3 — 


- un—_  —_—_—_— 3600 
mt——_— 6..64 


% As the Sine of 55 deg. ACB—— 991336 
iS to A B 350 Fathoms m—— 254406 

So is the Sine of 46 deg, CA B——- 985693 

to BC 307 - Fathoms, thew—1240099 

diſtance required. — — ——— 24$763 


SEC T. I. How to take the Breadth of 4 River, 


Uppoſe you were to take the breadth of a River, as I did at Crocken-Pil, which 
g runs betwixt Glouceſter-ſhire, and Somerſet-ſhire, and found the breadth of the Water 
upon a Spring-Tide 40 Perches or a Furlong ; you mult do it thus : being on the River- 
ſide, as in the former Figure at E, there ſet your Compaſs, and obſerye ſome Mark on 
the other ſide of the Water, asat D; then ſet a Mark at E, and go ſquare-wiſe, either 
to the right-hand, or to the left from theſe two marks, ſo far, until you ſpie the mark 
56 D on the other ſide the Water, doth juſtly make an Angle of 45 deg. with the mark E, 
Eh, as hereat f; then meaſure carefully f E, the diſtance of the two Stations, and that ſhall 
"I - be equalto the breadth of the River : ſothat if fE be10:20: 30: 40:50: or 100 
Poles, or Yards, or Feet, the breadth is the ſame. Or if you goto G, and make an An- 
gle of 26deg, 30 min.in D 3 then is the diſtance G E twice the breadth ; bur if you can, 
get an Angle of 45 deg. for that is the beſt and readieſt to meaſure the breadth. 


SECT. Il. Being upon the Top of a Hill, Tower, or Steeple, to find the true diſtance 


of gry ObjeF therefrom. 
Ake the Angle from the Top of the Tower to the Object with your Quz- 
drant. Example. 


/ Let the height of the Tower, or Hill be 40 Yards, and let the Angle taken with your 
Quadrant be 80 degrees, (being 10 degrees under the Line of Level ;) then ſay : 


As the Tangent Compl. 80 deg. (which is 10 d,) 924631 
is to the height 40 Yards. 160206 
So 1s the Radius. | 100000 


to the diſtance from the foot of the Tower 226 -2 """Þ 35575 Tards, 
f vi SECT. Ill. By the way of your Ship, and any two Angles of Poſition, to find the dſ- 
tance of any Iſland, Cape, or Head-Land from you, 


| b GR Y Ou have been ſhewed hoy#to do it with an Angle of 4.5 deg. already ; but with a 
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little moretrouble, you may do it by any two Angles whatſoever. 
4 | | of As for Example. 
Be” oo Figwe Suppoſe you are failing full South from A towards B, and from A ſhould eſpy Land at 
7” -05i8 the © oſagrio Points from you to the Weſtward, as SSW, or SW 22 deg. 30 min. and 
IP " lavice Mailing ſtill upon your Courſe.untill you come to B, you obſerve the Place bears from you 
| © Stbenes. juſt four Points, or'S W 45 degrees, which is the double of the Angle obſerved at A. If 
= =. Iathis manner youdouble any Apgle ; thatis, let your firſt Angle be what it will, yu 
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Chap. VII. and | how to make 4 Map. Vt 17 


zoſt Sail until you have doubled that Number 3 then you may aſſure your ſelf that the 
ſtance you have ſailed between A and B, is equal to the diſtance between B and C: So 
hatif A B be 12 miles, BCis likewiſe 12 miles; and' this you may do without further 
Trouble or Calculation. ” NS 

Ingll ſuch Queſtiovs remember that the Angles at the ſecond place of Obſervation 
$41! be either jult the double, if you go nearer to the Place, or elſe juſt the half if you go 
farther off than the Angle at the firſt place. Therefore the firſt Angle you may take at 
:ndom, no matter what It is, ſo,you be careful to obſerve when you be juſt upon the dou- 
ile, or the half. | 

That this is ſo, is plain from 32, 1..of Euclid. which is, that the outward Angle of any 
Triangle is equal to the two inwatdoppolite Angles ; viz. the outward Angle DBC is 
qual to the two inward oppoſite Angles BACand ACB: And therefore if the outward 
Angle D B C be the double offticjnward Angle B A C, then it follows that the two in- 
ward Angles are <qual toeaclrother, and that their oppoſite ſides ABand BC are equal 
tocach other ; by the 6. 1. of Exclid, © | 


_—_— _ 
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WY 4 . 
How to take the Diſtance bf fivFs places one from the other, remote from 
ou, according to their true Situation in Plano, and to make a Map there- 


of by the ( ompaſs and Plain-Scale. 


His Problem ſerveth chiefly to deſcride upon Paper or Parchment all the moſt E- 

| minent and RemarkablePlaces in a Country, Town or City,whereby a Map thereof 

© may be exactly made by help of a Table of Obſervations following, as with a lit- 
tle PraQtice you may ſoon perceive. 

Upon ſome high Piece of Ground make choice of two Stations as Aand ÞP, from whence g, pigs 

you may plainly diſcern all the principal Places which you intend to deſcribe in your 101. 
Map 3 then at A fix your Compaſs, and turn the Index about toP ; and ſuppoſe A and 
Pbear one off the other North and South as you ſee marked with the Letters N and S, and 
then dire your Sights to the ſeveral Marks from A to B, C, D, E, O, F, G, H, I, 
K, L, and M, obſerving what degree the Index cutteth. As ſuppoſe your Inſtrument 
fixed at A, and the Sights directcd to B, the Index cutteth in E 83 deg. 59 min. and 
likewiſe the Index directed to C cuts SE 82 deg. 5 min. and ſo in like manner take the 
reſt of the Angles, as you ſee them in the Table following, which muſt be noted down 
by you ig a Paper-Book as they are taken. 


"Places Angles deg. min. 
AB NE $3 : 50 
AC SE. 82 : og . 
SD | $8 64 : 50 
The Stationary Diſtances A - - 4 56 : a 
_  930Perches,or 2 miles < A $4 3 4 
90 Perches. a0 55 4: : 30 
A H S E 24 © 49 
| ; A || S E O09 : OO 
TA 3 16 $2 09 
; aT I-16 1-8 
AM SW 23 : oo we 


The Stationary diſtance A Þ, which was found 730 Petches, you muſt note down like- 
wiſe in your Book ; then ſet your Compaſs and fix it at P,that the Chard may ſtand North 
and South on the Stationary-LineP A, then turn the Index to the Mark K, the Index 
cuts N W 24 degrees; Likewiſe turn the ſights to L, and mark the Inclination to the 
Meridian, and put it down N W 17 deg. and ſo do byall the reſt of the former Marks 
or Points ; and note them down as you fee in this TableP K, P L, PM, PI, PD, PB; 
PC, PE, PG, PO, PF, PH, then protraCt theſe Obſervations, and where the Lines | 
drawn from A and P laterſe each other, there muſt you deſcribe the ſeveral Places, to 


which you made Obſervation, where you may write the Names of the Places. 
Eee Places 


The Art of Gaging 
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Places Angles Deg. Min. 
PK NW 3s : 00 
19: 2: 00 
bY 
O00 

O09 

50 

40 

10 

00 

50 

2) 

$) 


Laſtly, If you would know the Diſtance of aty of the Places thus deſcribed, one from 
another, you have no more todo, but open your Compaſſes to the two Places on the Pa. 
per ; and then apply it tothe ſame Scale, by which you Jaid down the Stationary Diſtance 
A P, (which in this Figure was laid down by a Scale af 20 Perches toan Inch), and foap- 
plied, it will give the diſtance ſought. ; 

You muſt remember always in taking of ,Inacceſſible Heights and Diſtances, that you 
take the two ſtationary diſtances as far aſunder as may be, And if at any time you require 
the Altitude of a Church, Caſtle, or Tree, ſtanding upon a Hill, you mult perform it at 
two Operations 3 firſt by taking the Altitude of the Church, Caltle, Tree, and Hill to- 


mmmmmmmms. 
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gether 2s one Altitude and ſecondly, by taking the Altitude of the Hill alone; then by 


ſubtrafting the beight of the Hill from the whole height, the remainder ſhall be the height 
of the Caſtle, or the like, | | 

And here Note alſo, That in the taking of all manner of Alritudes, whether acceſſible 
or inacceſſible, you muſt always add the height of your Inſtrument from the Ground to 
the height found, the total is the true height. And ghus much briefly touching this Matter. 
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The ART of Gaging of Veſſels 


The Uſe of the Line of Numbers, the Lines on the Gaging-Rod or Staff, and the 

* Rules in Arithmetick in Gaging of all forts of Veſſels, (viz.) to Gage a Cu- 

bical, and a Cylindrical Veſſel; alſo, Barrels, Pipes, or Hogſheads; to mea- 

ſure aVeſſel pert out, to meaſure « Brewer's-Tun, or « Meſh-Fat, to meaſure 

a Conical Veſſel, to meaſure a Riſing or Convex Crown ; and alſo a Convex or 
Falling Crown in « Brewer”s Copper ; alſo « Brewer's Oval Tun. 


PROB.'I. How tofind the Gage-Point of a Wine or Ale Gallon. 


He Gage-Point is the Diameter of a Circle whoſe ſuperficial Content is equal to 

the ſolid Content of the Wine ar Ale Gallons 3 ſo the ſolid Content of a Wine 

Gallon, according to Wincheſter meaſyre, being 231 Cube-Inches : If you con- 

cecivea Circle tg contain ſo many. luches, . you ſhall find the Diameter thereof 

ta be 17: 15 by this Rule. As 1 t01.2732, {© is 231 to 294.1092; whoſe 

ſquare root 17 15 fee is the Gage-point for a Wine Gallon. Thus likewiſe you may 

diſcover FA Gage-Point for anAle Gall cantaining mn Cubique Inches ; for as 1 a: to 

1.2732, 10. 15203 [0.3590 wv re-rook is 18: 95 fere 3age-Point for 
a PA, 83 [0, 359.0424, quare-root 95 Jere, the Gag 

Note, you maſt be very careful in your Dimenſions of all ſorts of Veſſels, viz. their 

length, breadgh, and depth, as alſo the Diameters of the Head and Borg ; for all ſmall 

Errors in them will increaſe very much in the Content. | 


The 
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Chap. VIIL — of dl forts of Veſeels 


The Deſcription of the G aging-Rod, tr Staff. 

A yery uſeful Gaging-Rod may be thus made, in length 48 Inches, upon one 
there is two Lines, a Line of Numbers and a Line of $8 lacks every Inch Livided Re: om 
»:gc5 for the ready meaſuring of ay Veſſel's lenyth, breadth, or depth. 
zut for the meaſuring of Great Veſlels, there is two Rods divided into Inches and ten 
1211S, made to ſlide by each other. | 
On the ſecond ſide is two Lines, the firſt for the Head, and the ſecond for the Bong, 
which added rogether and multiplied by the length, will give the Content ; As by the Ex- 
ample in the ſixth Problem. 
On the third ſide is two Diagonal Lines, the one for the Gage of Wine ; and the other 
for ivy which ſhews the Contents to the + part of a Gallon. The Uſe is ſhewn in 
Prob. 6. | 

On the fourth ſide is a Line of Segments; or 63 Gallons divided in 1000 parts, as 
you may ſee in the Uſe by the following Table in Prob. 7. 


The Deſcription of Symbols uſed for Brevity-ſake. 


T- Plis or Addition, which is to ſay add. C Cube the Number. 
— Minu or Subtrattion, then you muſt ſubtract. Z Sumand Zq Square of the Sum. 
2x [n or Multiplication, now you are to multiply- yq To Extralt the Square Root. 
2 To divide by 2, or any Number under the Line. Difference. | 
= Equal to. _ Xq Square of the difference, 
q Square the Number given. 


PROB. 1I, How to meaſure a Cubical Veſſel. 


Uppoſe we have a Cubical Veſlel to meaſure, whoſe ſides let be A BCD E F, which Sr Fignt 


let be every way 24 Inches, and Ideſire to know how many Gallons of Wine or Ale 


be 
following 


the lame will hold. cer, 


bw? For Beer or Ale by the Line of Numbers. 

Extend the Compaſſes always from the Gage-Point (which for Ale is 16 ::Junto the 
ſide of the Cube 24 Inches, the ſame extent will reach from the ſame 24, turning twice 
over unto 49 Gallons, and better. 

For Wine, Extend the Compaſles always from the Gage-Point, which for Wine is 15 
72 unto the ſide of the Cnbe 24 Inches : the fame extent will reach fromthe ſame 244 
turning twice over unto 59'+5 Gallons, which is almoſt 60 Gallons of Wine. *. 

The Arithmetical way. 
A B,c = Gallons of Ale 49. A B, c=Gallons of Wine 59 +3. 


282  "Byf 
PROB. Il. How to meaſure aVeffel in the form of « Parallelipipedon: 


Uppoſe we have a Veſſel to meaſure,whoſe fide A B let be 72 Inches, and breadth AG 
32, and the depth CD 8 Inches. 
By the Line of Numbers for Ale. 


You muſt firſt find a mean proportion between the length A B 72, and the breadth A C Se Figure 
32, by multiplying it rogether, and taking the Square Root thereof, or taking the mid- 193: 


dle point between 72, and 32 on the Line of WJumbers, and you will find 48 for the mean. 

' Now Extending the Compaſſes from the Gage-point 16 +3 to the mean Number 48 In- 
ches, the ſame extent will reach from the depth CD 8 Inches, turning twice over unto 
65-3 Gallons. ; 

fer Wine. Tofind how many Wine-Galfons it is, work by the Gage-point 15 +7 as 
you did in the laſt Rule, and you will find near 79 , Gallons; or you may find a mean 
proportion between the breadth A C 32, andthe depth CD 8: which will be 16 lnches, 
and ſo work according to the former Rule. 

How to work the ſame without the G age- Point, 

Example for Ale. Extend the Compaſſes from the Ale-Gallon 282 unto the length AB 
72 ;. the ſame diſtance willreach from the breadth A C 32 unto 8 --:; Gallons, for an 
Inch depth, fo for 8 Inches you may preſently find it tobe 65 +5 Gallons 

Fur Wine Gallons. Take 231 for the firſt Number, and by the former work you ſhall 
find 9 +27 Gallqns for 1 InchGdepth. _e 

8 


The Art of Gaging Book V. 


The Arithmetical wwy., ABxACxCD 
— ——_—— AG 6; 
Fm 
ABxACxED " 
— _—_ — —=Wine-Gallons 56 _ *, 
231 
PROB. IV. Howto meaſure aC Ylindrical Veſſel. 


Se Figre C\Uppoſe the Diameter of the Head AB be 24 Inches, and the length thereof AC be 
mY g 49 Inches, To find the Contents in Ale-Gallons. Extend the Compaſſes always from 
the Gage-point, which for Aleis 18+?5 Inches unto the Diameter 24 Inches; the ſame 
diſtance will reach from the length 30 Inches turned twice over unto 48 +} Gallons. 

For Wine. Extend the Compaſſes from the Gage-point 17 ++ unto the Diameter 2; ; 
the ſame diſtance will reach from 30 turned twice over to 58 +77 Gallons. 


The Aruthmetical way. For Ale. ABqxAC 
— —==Ale-Gallon: (viz. 48 (3. 

359 
For Wine, ABqxAC 


—=—=\V/ine-Gallons, (viz.) 58 -!!. 


294 
PROB. V. Howto meaſure a Globical Veſſel. 


Ste Figre C\Uppoſe the Diameter of the Globe be A B 24 Inches : Then to know the Contents 
dike g in Ale or Wine, it is thus. 

For Ale. Extend the Compaſſes from the Gage-point, which is 23 +2: unto the Dia- 
meter A B 24 Inches ; the ſame diſtance wilkreach from the ſame 24 turned twice oyer 
unto 25 3 Gallons of Ale. 

For Wine. Extend the Compaſſes from the Gage-point 21 unto the Diameter 24 turn- 
ed twice over, as before, you ſhall have 31 + Gallons. 


The Arithmetical way. For Als, AB,c 


==d6Callons, ( vie.) | F&KA 


538 
For Wine, AB,c 
TEE =— a—_—_— 6 allen, viz.) 31 3, 
441 


PROB. VI. How to. meaſure a Barrel, Pipe, Butt, Puncheon, Hogſhead, or ſmall Cuk, 


Ste Figwe CUppoſe you have a Cask to meaſure, whoſe length is A B 27 Inches, and depth at 
106. @ the Bong CD 23 Inches, and breadth at the Head E F 20 Inches, 
You are to find a mean-Diameter between the Head and the Bong by this Rule. Take 
the difference between 23 and 20, which is 3 ; which being multiplied by 7, the Product 
is 21, and divided by 10 the Quotient will be 2 ++ which added to the leſſer Diameter 20, 
you have 22 +; for the mean-Diameter. : 
Then for Ale. Extend the Compalles from the Gage-point 18 +-?5 unto the Mean-dia- 
merge 3A 53 The ſame will reach from the length 27 Inches turned twice over, to 36 
;-7 Gallons. 
For Wine. Extend the Compaſles from the Gage-point 15 +: unto 22 ,-:, the ſame 
will reach from 27 to 44 :: Gallons. 


The Arithmetical way. For Ale, 2CDqzxEFq:xA B 
———=6Callons, (vit.) 36-5. 


1077 
For Wine, 2 CDqxEFq: xAB 
IO ==Gallons, (vis.) 44:75 
| 882 
There is another way to work this Veſſel Arithmetically by the Mean-diameter which 
was before found to be 22 -: Inches. A” 


Chap. VIII. 


Thus. 


of all ſorts of Veſſels. 


MDqgxAB 
*— > ——6callons, (viz.) 36); 
359 
For Wine. MDqxAB | | 
_ —=Gallons, (viz.) 4.4;%. 
294 
By the Diagonal Line on the Rod and Staff. 
Take the meaſure with your Rod from the Bong-hole at C to the lower part of the 
Head at F, as the Line F GC, which in this Example ſis near 25 +5 Inches : So if you 
would know how much Ale the Cask will hold, you ſhall find the Bong hole to cut in the 


Diagonal Line 36: Gallons. And for Wiae it will cut 44 4 Gallons the Contents re- 
| quired. 


For Ale. 


| The Vſeof the 2 Lines upon the Rod marked Head and Bong ; and of this Table for Viine-meaſure. 


A Table for the Gaginp of Veſſels. 


Head. 
G pts. 
©.001 
0,004. 
0,010 
0.018 
0,028 
0.041 
0,056 
0,OTY 
0,092 
0.113 
0.137 
0.163 
0.192 
O.222 
0,255 
0.290 
0.328 
0.367 
0.409 
9.453 


0,500 


0.543 
0.599 
0.653 
0.708 
0.766 
0.3826 
0.3888 
0.953 


1.020 


Bong . 
G pts. 


0,002 


©0,020 

0.036 

0.056 

0.081 

O,III 

O.1I45 

0.184 
0.226 
, 0.274 
0.326 
0.383 
0.444 
0.510 
0.580 
0.517 
0.734 
0.818 
0.906 
1.000 
1.097 
1.199 
1.396 
1.416 
1.532 
1.652 
1.777 

1.906 
| 2.0940 


0,009 | 


Head. 
G pts. 


Bong. 
G pts. 


1,039 
1.100 
1.234 
1.310 
1.333 
1.469 
1.551 
1.636 
1.724 


*1.813 


1.994 
2.000 
2.096 
2.194 
2.295 


2.395 
2,593 
2,611 
2.721 
2.833 
2.948 
3.964 
3.183 
3-395 
3-428 
3-554 
3.682 


| 3.312 


3-945 


4.080 


2.173 
2.321 
2.468 
2.620 
2.776 
2.933 
3.192 
3.272 
3.443 
3.626 
3.809 
4.000 
4.192 
4.388 
4.591 
4.796 
5.007 
$.222 
5-442 
5.666 
5.396 
6.129 
6.367 
6.610 
6.856 
7:108 
7-364 
7.625 
7.890 
8.160 


Extend the Compaſles from 231 to 282; 


the ſame extent will reach from the Content 


in Wine-Gallons 44 +: to 36 +7 the Contents 
in Ale-Gallons. 


The Uſe of this Table is the ſame vith 


the Rod, only in the Table you have the per- 
felt Number, but upon the Staff, for 10 ac« 
count 100, for every ſmall Diviſion is 19 ; 
and you muſt eſtimate the parts of theſe ſaiall 


Diviſions,and then is the Work all one 
this Table, (viz). 


as with 


You muſt meaſure the Diameter firſt at the 


Head, and find the Number in the Table, or 
Rod belonping to it; then meaſure the Dia- 
meter at the Bong, and likewiſe in the Table 
or on the Rod, find the Number belonging 
to that z then add thoſe two together, and 
multiply the Sum thereof by the Inches of 
the Veſſels length, from Head to Head oa 


the inſide. 


And as 231 to 282, ſo are the Ale-Gallons 


to the Wine-Gallons. 


The Table and Staff ſhews for 20 Inches at the Head — 01453 


For 23 lnches at the Bong 
Theſe two added together, make—— 


Which being multplied by 27, YJ— 


the-length 


Makes 
According to this Operation, it ſhould be 4.4 Gallons x: 


3 of no Moment in theſe Concluſions, 


—— 


—1,199 


—— 


en————,652 


27 


—11564 


A— 


— 3304 


GR - - —— 


- 


fff 


— 


f 


CE 


—446 04 
parts, which difference is 


ÞROs8, 
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PROB. VII Fythe Line of Segments on the Rod or Staff, to find the Quantity of L,;. 
qior in a Cark that is part full. 


Ser Figwre COUppoſe you would know the Quantity of Liquor in a Cask whoſe depth at the Bong 
197% is 23 Inches, and let the Liquor be in height 16 Inches, and the whole Cask to 
hold 44 {4 Gallons. | ; 
By the Line of Numbers on the Staff, the Proportion will bz, as the whole depth 23 
Inches is to the depth in Liquor 16 Inches, fo is a 1002 to 695 parts. 
W hich being ſought for in the Segment-line on the Staft, you ſhall have in the Line 
by it. 741. 
Now if you extend the Compaſſes from 1000 to 741, the ſame diſtance will reach 
ſrom 44 +5, the Content of the whole Cask to 33 +: that 1s, 33 + Gallons of Wine 
in the Cask. 


PROB. VI How to meaſure a Brewers Tun, or a Miſh Fat. 


Set Figut Etthe Tun beACDE, whoſe Diameter iff the bottom let be E D 98 Inches, and 

108, — the Diameter at the top A C let be 90 Inches, add both the Diameters together, 
you have 188 Inches; then take the half thereof, and it is 94 Inches, this is the Mean 
Diameter F G ; then get the height of the Tun, which let be AB 40 Inches, Now to 
know how many Barrels of Beer it will hold according to 36 Gallons to the Barrel, 
work thus. 

Bythe Line of Numbers. Extend the Compaſles always from 113+ ; (which is the 
Gage-point for a Barrel) unto the Mean-diameter 94, the fame diſtance will reach from 
the height 40 Inches turned twice over unto 27 -; of a Barrel. 

The Arithmetical way by the Mean- Diameter, FGqxAB 


— —=6Gallons 984 ; 5. 


359 
Which being divided by 36, you have 27 Barrels 1 2 © Gallons. 


Or thu for Barrels, FGqxAB 
— —=Barrels 27 +17. 
I 2924 
_ This Arithmetical way. by the Mean-diameter is not abſolutely true, yet near enough 
for Brewers Tuns,by reaſon the difference of Diameters between the bottom and the top, 
is ſeldom aboye 7 or 8 Inches : but to do it exactly, take this way of working this Tun, 


The Arithmetical way. EDqÞACq;, +EDxXAC, xAB 
c—_ —-—9 Gallons -. 
1077 
Divide 98g +-: Gallons by 36, and the Quotient is 27 Barrels, and 13 Gallons : So the 
Tun-will hold 27 Barrels 13 Gallons .:. 
-Or thus for Barrels. EDq+A Cq, +EDxXAC, XAB 
| A m—_—_— 27 Barrels 47. Ny GET 
7 ' 38772 | 
PROB. IX. To meaſure a Conical Veſſel, having the Height and the Diameter at the Baſe. 
S- Figs C\Uppole the Diameter at: the. Baſe AB be 98 Inches, and the height D C 490 Inches, 
109, * Then by -the Line of Numbers for Barrels of Ale or Beer. 
Extend the Compaſſes froni'the Gage-point 169, Sunto the Diameter A B 98, the 
ſame will reach from the height of the Cone D C 490, turned twice oyer unto 121:*. 
Barrels fere. | . 
-, This is the Proportion to work for great Cones to have it in Barrels, but ſmall Cones 
'haye it in Gallons. - 
. Work thus. Extend the Compaſſes from the Gage-point 32 -* unto the Diameter of 
the Baſe 98, the ſame will reach from the height of the Cone 490, twice turned unto 


% 


4369 5 Gallons, | G 
Arithmetically, For Gallons, ABquzDC 
Eat? — 4369 :- Gallons. 


COTE L97T 
. Which being divided by 36, you have 121 Barrels 13 Gallons, 


Chap. IX. | of alll ſorts of Veſſels. 23 


Or thu for Barrels, AB 9x DC 
. — —=21 ; Barrels, 


33772 


4." Brewet's Tun before meaſured may be meaſured after this manner following. 
o find the height of the greater Cone, ſay, as the difference of the Diameters 8 In- 
ches is to the-height of the Tun 40 Inches : So is the Diameter of the bottom AB 98 
Inches tothe greater height D C 490 Inches, from whence ſubſtraCft 40, there remains 
the height of the leſſer Cone G C 450 Inches, 
Now working as before for the Content of each Cone, 

The greater Cone will be found to be —— 4369 Gallons 5 Parts 

And the leſſer Cone to contain —— 3334 Gallons 4 Parts. 

Which ſubſtrafted from the greater Cone, there remains 985 Gallons -!. Parts, which 
is27 Barrels 13 Gallons -;, | 


PROB. X. How to meaſure 4 Segment of a Globe or Sphere, mhich ſerves for the riſing, 
cr falling Crown in a Brewers Copper, 


Dmit-you have the Diameter of the Crown A B 8o Inches, and the height thereof 
A. CD61lnches. 
ABq+1;{CDqxcD . 
_ a ——=q3 ;, Gallons. 
£3 | 55 "FEY | 
\ . PROB. Xl. Howtoreduce Ale Gallons into Wine Gallons, 


Example. T2 is a Veſſel that holds 60 Gallons of Ale; the Queſtion is how many 
Gallons of Wine it will hold. 
The Proportion. As 231 is to 282 : ſo 60 Ale to j NI nge 
Or as 77 is to 94 : fois 60Ale toF 777 F Wee Galions. 
The Reaſon is this, 231 Ale-Gallons is '282 Wine-Gallons, or 77 Ale-Gallons is 94 


Wine-Gallons. 
Extend the Compaſſes from the Wine-Gallon 231 to the Ale-Gallon 282; the fame 
diſtance will reach from 60 to 73 3 Gallons. 


PROB. XII, How to meaſure a Brewers Oval Tun, whoſe Baſes are Ellipſes of dif- 
ferent Magnitudes, having their Axes parallel to each other, 


C ippole the extreme Diameters at the bottom to be AB 120 inches, and EF 90 in- 
ches, and thoſe at the top to be CD 112 inches, and G 84 inches, and the depth 
of the Tun Cb 40 inches ; to find the Content in Gallons, 

The Rule. AB++CD:xEF+:CD+3AB:xGHxCb 


1077 


That 1s, to the greater Diameter at the bottom add half the greater Diameter at the 
top, and multiply that Sum by the leſſer Diameter at the bottom, reſerving the Product ; 
then to the greater Diameter at the top add halt the greater Diameter at che bottom, 
and multiply the Sum by the leſſer Diameter ar the top, and reſerve the Produc, add 
theſe two Produdts together, and multiply that Sum by the depth, and divide by to77, 
the Quotient is the Content in Gallons ; which will be found to be 1124.9 Gallons. 


—— 
—_— — 


——— 


CHAT. 1. 


Wherein is ſhewed both Arithmetically and Inftrumentally how to meaſure all kind 
of plain Superficies, as of Walls, Timber-work, . Roofs of Houſes, Tyling, 
Board, Glaſs, Wainſcot, Pavement, and the like ; as alſo Timber and Stone. 


PROB. I. Oraſmuc as it is very requiſite for a compleat Artiſt to know how to 
meaſure all manner of Surfaces, as of Walls, Timber-work, Tylings 


and ſuch like ; the following Example gives you the way of doing! it. 
Note 


F Ri el "3 


24 The Art of Meaſnring Book V, 
Note this, that Walls are meaſured by the Rod of 16 ; Feet, Wainſcot by the Yard, 
and Board and Glaſs by the Foot. Therefore meaſuring ahy of theſe things, confſidera- 


tion muſt be had to the juſt Form and Figure thereof : Then by the following Rules you 
may have the Content thereof. 


4s for Example. Suppoſe there be a Wall in the form of this Figure being 
and it is required to know how many Perches, or Rods are contained therein, 


The Arithmetical way for Perch, AB xAD, 
OO n————— Rd 9 ft. 
ETS 5 


Extend the Compaſſes always from 272 - to the length 66, the ſame extent will reach 
from the height 19 foot unto the true Contents of the Wall 4 Rod :, and 29 feet. 


T ” "7 L| [| 1 \ I! 4 
1 ” r 4 ug T7 7 P 4 - 
] ' L 


an oblong, 
lf 


I9 


| C 
iD 

Note, that in meaſuring Brick-work, if the Wall be 1 Brick + thick, then the Con- 
tent before found is the meaſure of that Wall, but if the thickneſs be more or leſs, there 
mult be an allowance made accordingly 3 that is, for every + Brick above 1 Brick - you 
muſt add + of the former meaſure to the Content before found ; for every + Brick leſs 
than 1 Brick ; you muſt ſubtract 4 from that meaſure. 

B But ſuppoſe A B C be a Gable end, which is in the form of a 
—_—_ Triangle, therefore multiply 16 the Perpendicular by half the 
| baſe AC 10, the Produdtt is 160, the Content in Feet. 

But in meaſuring of Chimneys, which require more Work- 
manſhip than other ordinary Walls, they are uſually accounted 
as double meaſure, that is, firſt meaſure them as ſingle meaſure, 
and the double of that meaſure produceth the Content. 

Note, that if the Chimney ſtand by it ſelf, the Back is to be 
meaſured with the reſt of the Chimney ;, but the Back ſtanding 
againſt a Wall, the Wall muſt not be meaſured with the Chim- 
ney. | . 

Admit the Figure LIK, GH, AB, DC bea Chimney tobe 
meaſured, and according to double meaſure, the Content is 
required. 

1ſt. Meaſure the Braſt-Wall E F,and the Jaums DE and FC, 
which together make 24 Feetz next take the height of the 
SquareCB 18: 15 Feet, which multiplied together, the Pro- 

ductis 435 : 60 Feet for the Content of the Figure ABDC. 
Then for the Square GH mn, the Braſt-Wall G H, and the 
Jaums 15.15 Feet, the height n H-6: 26 Feet, multiplied as be- 
fore, make 93 ; 90 Feet, for the Content of the Square G H mo, 


Ti Ver Feet, Parts. 
By tne like manner of working, you will have the} ABDC: 435 :60 


Contents of the Square IKR V :92: 16; likewiſe | The Squresd Hmn: 93:90 
the Chimney-Shaft in compaſs is 9 Feer, and 8 Foot | IKRV: 92:16 
high, multiplied together as before, is 72 Feet for | The Shaft IL: 72:00 
the Contents: Add theſe four Sums together, the © The Sum &93 766 
Total is 693 * 66 Feet, doubled is 1 387 Feet ;4? Feet, | doubled. 693 : 66 
the Content of the Chimney accoxding to Cuſtoma- ——— 
ry meaſure. # S The Total Sum. I 387 +32 
Which reduced into Perches as before, is 5 Rod 26 Foot. 


Note that Slate-work and Tyling, alſo Roofs of Houfes, Timber-work, Partitions 
and Floors, are meaſured by the Square of 190 Foot, 


| Ns PROB, 


*, A "i 


"ns 
$2 


Chap. IX. of Timber and Stone. 


PROB. Il. HowPo meaſure Board:, Glaſi, Pavement, Wainſcot, &c. | 
N the laſt Problem we have ſaid that Boards, Glaſs, Pavement, and Wainſcot, and 
the like, they are commonly accounted by the Foot or Yard ; therefore to make this 
j@in,we ſhall inſtance only upon Boards which are commonly cut out in long Squares, 
Hew to meaſure them. Take the length and breadth in Inches and Parts,multiply one by 
the other,the Product will ſhew the Content in Inches ; that divided by 1 44 (the number 
of Inches in one Foot) the Quotient will tell you the Number of Feer, and the remainder 
are Inches. | FOO. 
For Example. Admit I have a Board that is 7 Foot long, and 18 Inches broad ; mul. 
tiply 84 Inches (which is in 7 Feet) by 138 Inches, the Product is. 1512 3 whichdivide 
by 144 the number of Inches in a Foot of Flat meaſure, and the Quotient ſhews 10 Feet, 
and 72 remains (which is ; of 144) therefore the Board contains 10 Foot -| ; but many 
times the Board falls out to be broader at one end than it is at the other, then add toge- 
ther the breadth at eachend 3 then take the !, for the true breadth, and work as before. 
And what have been ſaid of Board-meaſure, the ſame is to be underſtood in the way 
ef meaſuring not only Boards and Glaſs, but likewiſe all manner of Wainſcot, Pave- 
ment, Floors, and ſuch like ; they depend upon one and the ſame Geometrical ground, 
they be reckoned by different, meaſures, as you ſee by the Perch, Rod, Square, Yard,or 
Foot, aceording to the Cuſtom of the Place, therefore it needs no further Example. 
Extend the Compalles always from 12 Inches unto the breadth 18 Inches, the ſame 
extent will reach from the length 7 Foot, unto the Number of Square Foot ia the Board, 
which is 10 + 5 Foot, 


PROB. Ill. Menſuration of Solids, as Timber, Stones, &Cc. and firſt of Squared Timber. 


Hatſoever hath length, breadth, and thickneſs, is called a Solid body ; as Timber 
and Stone, and the like, which are uſually meaſured by the Foot : and there- 
=_ =_ are to obſerve that a Foot of Timber or Stone is a Foot every way 1n the form 
of a Die. 
 Suppoſea piece of Timber being at each end 16 Inches one way, and 25 Inches the 
other, and 14 Foot long, to find the Content. 

By the Line of Numbers. Take the middle between 16 and 25, which you will 6nd to 
be 20, then to find the Content. | F 
| Extendthe Compaſlles (always) from 12 Inches unto the Mean Square 20 Inches ; the 
| ame will reach from the length 14 Foot turned twice over to 38: Foot of Timber. 


Arithmetically thus ABXAC, xBD 
—— to the Contents in Feet 33: ;;. 
144 
Or thus, ABXxACxBD 


: —==ctcreduced jnto Inches) 38434 Feet 
1728, 

Yet it is common with the Carpenters to add the breadth and thickneſs together, and 
totake the half thereof for the Mean Square, but that way is yery erroneous, cſpecial- 
ly when the difference between the ſides is mnch. 


B 

In the former Example one ſide is 25, the other 16, the Sum 41,the half 20-5 Inches ; 
that is, half an Inch too much, for the Mean Square is but 20, ſo that by taking 204, ir 
makes the piece of Timber 40 Foot , 2, when it is but 38-4 Feet, which is two Foot 
too much. 

Now if a piece of Timber be tapering, the common way is to take the Square in the 
middle z and ſo to work as in the laſt Example, but it is erroneous. | 

Example. Admit a piece of Timber were 25 Inches ſquare at one end, and 15 Inches 
at the other, and 14 Foot lopg. 


G88 Thit 


The Art of meaſuring Book V. 


This is the trie way by AruthmetSk, 
ABq+DEqg+A.xBD A is= ABxDE 
<omm———m_ —— Contents 39 ? 
ys 2 
PROB. IV, How tofind how many Inches in length will make one Foct of Timber, in a 
piece that is equally ſquared at each ind, 


Uppoſ: you have a piece of Timber that is ſquare 16 Inches every way, and you 
wou'd know how many Inches in length wi'l make one Foot of Timber. 

Ry the Line of Numbers, Extend the Compalles always from 16 Inches the fide of 
the Square to 12 Inches, the ſame turned twice over from 12 Inches, will reach to 6} 
Inches, the |cygth for one Foot of Timber. 

| The Aruhmetifal way. 
1723 | 
_ ——_—6' or 6}. Inches. 
AC169q 


PRQB. V. Hewto meaſure round Timber, 


Dmit you were to meaſure a piece of round Timber, whoſe Diameter or thickneſs 
L A. at eitherend is 20 Inches, I deſire to know how many Inches in length will make 
one Foot of Timber. 

By the Line of Numbers. Extend the Compaſſes from the Diameter A B 20 Inches, un- 
to the conſtant Number 13, the ſame diſtance will reach from 12 turned twice over unto 
5: Inches for 1 ;5 Foot, as AD. 

| The Arithmetical way. 


2187 
—— ————AD 5; Inches, for one Foot. 


C 


\\ 1 \\\\\ \ 


Q 

Having the Diameter of a piece of Timber, as admit it tobe 20 Inches, and the length 
ſuppole 15 Foot ; to find the Contents in Feet. 

Bythe Line of Numbers, Extend the Compaſſes always from 1 3-5 to the Diameter A B 
20 Inches, the ſame diſtance will reach from 15 the length turned twice over unto the 
Conteiits 32 2? Feet in the piece, 

The Arithmetical way. Square the Diameter A B 25, and it is 400 z quadruple it by 4,and 
it is 1600, multiply it by the lepgth 15, and the Product is 24000, that divide by 729 
and the Content 1s 32 +? Feet. 

Here is likewsſe another brief Rule Arithmetically thus, 

- Square the Diameter AB 20,and it will be 400 z multiply that by 1 1,and it is 4400,di- 
vide by 14, ard the Quatient it 314, and 4 remains, which multiplied by the length 155 
the Product is 4714 ; taat divide by 144, and the Quotient is 32+7. 

Now the common way uſed by Artificers, is to meaſure round a piece of Timber or 
Tree, and to take the one fourth part for the Square, which is very erroneous and falle. 

For Example, The meaſure of the Circumference of the piece before going is 62+- 
Inclies, the 5 thereof i; 15. 7Inches, which they take to be the Square 3 which multiplied 
intoir ſelf, -produceth 246-5 for the Areaof the Baſe ; which multiplied by the length 
15 Foot, the Product is 3697-4 the Content in Feet and parts; that divided by 144, the 
Quotient 1s 25+ 7, that is differing from the- Truth no leſs than 7 Foot, which the Buyer. 
hath more than his due but 1 conceive they agree in the Price to ſtand to that meaſure, 
by realon of the waltein Chips before it is brought info Squares z but the beſt way will 
be to meaſure the Tree right, and afterwards allow for the waſte ; or elſe in time Error 
will be taken for Truth, and Truth will be acconnted Error,as it is by too many this day: 


How 
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How to meaſure a round Piece of Tapering Timber. 

Admit the Diameter of a great End of a Piece of Tapering Timber be A B 20 Inches 
and the leſſer End C G 16 Inches, and the length E F r5 foot. To find the Content the 
cof\mon way is this, add both the Diameters 20 and 16, the Sum is 36, the half is 1$ 
fr the Mean. | 

Then extend the Compaſles always from 13+7 to the Mean-diameter 18, the ſame will 
reach trom the length 15 foot turned twice over unto 26-5 foot. 

The true way by Arithmetick, AB q+CGq+ABxCG:xetEfF 


— tent in Feet, 25." 


—_— 


$59 
PROB. VI. How to meaſure a Pyramiaal piece of Timber. 


Dmit you have a piece of Timber to meaſure, whoſe thickneſs at the Baſe is 25 In- 
ches A B, and breadth AC 16 Inches : And thelength of the piece D E 15 Foot. 


& foof 


5 foot 
I5| foot Foof 


PD. ul ——_— 


By the Line of Numbers. Firſt, by the Line of Numbers find a Mean-proportional be- 
tween 25 and 16 BO dividing it into two parts, and the middle will fall vpon 20 Inches, 
tae Mean-proportional required. 

Then extend the Compaſſes always from 20 + unto the Mean-proportional 20 Inches, 
the ſame diſtance will reach from the length 15 foot turned twice over unto 13 +* foot 
of Timber. 

The Arithmetical way. ABXACxDE. 

—=13 foot -:3 parts of Timber in the piece. 


432 
Or ABxACx'DE | 
—==13 foot +5. parts,that is 1.3 foot and aboye 
* 144 three quarters. 


PROB. VII. Howto meaſure a Conical prece of Timber. 
' A Dmit you had a Cone Piece of Timber, whoſe Bafe or Diameter at the End A B 28 


inches, and the length thereof CD 15 foot, it is required to know how many foot 
of Timber is ia the piece, 


A. 
4 5 foof 
JJ - E 
| | DID Ft. 
& SSD OE JO « 
= 2 Is| Foot _— 4 _ 
MW - — -z D 
Q / PITT FILLZ CL ddbchs wo 


Extend the Compaſſs always from 23:* unto the Diameter AB 28, the ſame diſtance 
will reach from the length 15 foot turned twice over unto 21+7. 


The Arithmetical way. ABqx CD 


_——— 


=21-:5 foot of Timber in the Cone Piece. | 
$50 pt 


ENS 
—_ 


CHAP. X. 
For the Barthen of a Ship, or her Tunnage, take theſe Rules following. 


the breadth of the Beam, 17 foot, the depth of her Honld 9 foot, always to find 


G tin you were to find the Burthen of aShip that the length of her Keel is 45 foot, 
the Tunnage. | Mut- 


28 The Art of Gunnery. Book' V. 

Multiply the breadth by the length, and the Product multiply by the depth in Boots 
and divide by 100, and the C_ytient will ſhew you the Tunnage to be in this Example 
637-18 \ 

Or extend the Compaſſes always from 100 to 17 the breadth, the ſame extent will re$h 
from 45 the lengyh, to 7-5-1. 

Then extend the Compalles from 1 unto 7;-.:, and the ſame diſtance will reach from 
the depth in Hould 9g foot to the Tunnage 68 :* Tun of King's Tunnage. 

Put for Merchants Ships, who give no allowance for Ordnance, Maſts, Sails, Cables 
and Anchors, which is all a Burthen, and no Tunnage. 


You muſt work thus for the Tunnage. 
45X17X9 
—— =7255; Tun Burden. 


9 —— 


95 


Or, extend from 95 always to the length of the Keel 45, the ſame will reach from the 
>» breadth 17 of the Beam to a fourth Number, (as to 87.) then extend from 1 to $.*: 
' the ſame diſtance will reach from the depth in Hould 9 foot to the Burden 72+? Tun. 


Having the Proportion of any one Ship in Burden, mith the length of her Keel, to build ancther 
of any Burden according to that proportion. | 


Admit | have a Ship of 8o Tun, the length of her Keel is 46 foot. Now I am to build 
a Ship, whoſe Keel muſt be 65 foot of the ſame Monld ; I delire to kngw how many Tun 
ſhe muſt be. 
Extend the Compaſſes from 46 foot unto 65 foot, the ſame extent will reach from the 
Burden $0 Tun, being turned 3 times over unto 225-7 Tuns. 


The Aruthmetical way. $9 x 65 C 


'ofe that 
Note that , —25;- Tuns. 


C ſipmfits 

7, x of 46 C 

the Numbey 

preceding. Admit you had a Ship of 226 Tuns, and the length of her Keel is 65 foot ; Now l 
would build a Ship of twice the Burden, that is 452 Tunsz Now I would deſire to know 
the length of her Keel. 
| Extend the Compaſſes from 226 unto 452, the ; of that diſtance will reach from ths 
length of her Keel 65 foot untothe length of the greater Ships Keel 81+? foot ſere. 

thmetical way. i Ge , | 

Nete,V c The Arithmetica 73 65:C "x ws. ES 
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CHAP. XL 


Containing the Principles of the Art of Gunnery, in a Compendiows form, with 
divers Concluſions both Arithmetical, Geometrical, Inſtrumental, and by Tables. 


The Dualifications a Gunner ought to have, and his Duty, and Office. 


E ought to have skill in Arithmerick, to work any Proportion by the Rule of 

Three, to extract the Square and Cube Roots, and to be perfeCt in the Art of 

Decimal Arithmetick, and to be skilful in Geometry ; that he may be able to 

meaſure heights, depths, breadths, and lengths ; and to draw the Plot of any 

piece of ground. A Gunner that hath a Charge ought alſo to have in readineſs all ne- 

ceilary things for his Artillery :; | : | 

AS Wheels, Axle-trees, Ladles, Rammers, Sheep-skins to make Spunges, Gunpow- 

der, Shot, Tampions, Chain-ſhot Croſs-bar-ſhor, Parchment, or Strong Paper to make 

Cartrages, Fire-works, Artificial Torches, Dark Lanchorns ; again, ( ro Mount and 

diſmount. Guns, ) Hand-ſpikes, Coyns, Budge-Barrels to carry Powder, and Bas- 

kets to carry Shot to your Piece, When leiſure will permit, he is to chooſe good Match 

ro arm his Linſtocks in readineſs for to give fire, and alſo a pair of Caleper Compalles to 

meaſure the Diameters of Shot, or the Muzzel, or Baſe-ring of a piece, or the like Four 
| | | a 
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alſo a ſmall Bra(s patr of Scales and vweight:, a Ruler divided into Inches, of 8' or 1 
Parts in every Inch, for the ready meaſuring of Cartrages, and how to fill them. 

A Gunner ought to know the Names; Length, Weight and Fortification of ev 
Piece about the Chamber (chat is as far as the Piece is laden with Powder) z and be dble 
to tell readily hovz much Powder is a dve Charge for, any Pieces what Shot is fit, how 
may Matroſles mult attend the ſame, how many Horſes or Oxen will draw the faid 
Piece, or Men, 1f occaſion be, He muſt be careful in making choice of a ſober honeſt 
Man for the Yeoman of the Powder z and he rauſt not beat tip the Head of his Powder- 
Barrels with an Iron Tool, bur with a Wooden Mallet, which can never fire the fame : 
A Gunner ought to try his Piece, to know whether ic be true boted or not, to proporti- 
on his Charge according to the thinneſt ſide of the Metal, and accordingly take his di- 
re&ion at the Britch of the Piece, jult over that place where by Art he finds the middle 
of, - Bore 1s within the Piece; by which means a good Shot may be niade out of 4 

iece. 

" Before lie makes a Shot, he is to conſider, that if the Piece lie point plank, or index 
Metal, he ought to put in a ſufficient Wadd after the Shot, to Hoy it cloſe to the Pow- 
der z, for 1f it (hould not be cloſe, the Piece will break in the vacant place ; but in caſe you 
mount your Piece, put no Wadd after the Shox. 

And one chief thing is to know very well how to diſpart his Piece, be it either true 
bored, or not true bored, which he may try firſt. 

When a fit Man is entertained, the Maſter-Gunner (whom he ſerves) ſhould bring 
him to his Pieces, and giye him the Denominations of his. Piege, - and pays thereof : 
which when he hath learned, which is the Baſe-ricig, and Trunnion-ring, the Muzzel-ring, 
and the like, (you may ſee their names in the Figure of the Gun without more words) ; 
and likewiſe the Crows, Handſpikes, the Coyn, and the like ; and how far in the Bore 
is called the Chamber of the Piece : Theſe _ underſtoed, he may five them further 
dire&ionsz it is pity that the Gunners at Sea did not exerciſe the Sea-rnen in this know- 
ledge, as the Corporal doth in exerciſing of them with their Muſquets ; for want of this 


knowledge the greateſt part of coinmon Seamen are ſo dill and ignorant, when they be 


required to ſtand by a great Gun in time of Fight. :\ 


Firſt Inventors of Gun-powder, and ſont Printiplet of Philoſophy fie to be knows. 
\ Some [tal5ans have writ that Archimede: the Philoſ was the firſt Inventor of Guns 
14and Gun-powder : Or whether this be truth or not Learned Men are of divers Minds ; 
Munſter, and Gilbert Cognot have written, that Guns were deviſed. ficlt in the Year 1370 
by a Monk, whom Aunjter calls Bertholdus ; but our Country-man Dr. Dee in his Mathe- 
matical Preface, that an Engliſh-man was firſt Inveitor of Gun-powder in another 
Country, and they firſt made uſe of it from him : alſo our Engliſh Cironicles do re- 
port; that in the Year 1380 a Monk did accidentally let fall a ſpark of Fire upon Brim- 
ſtone and Salpeter beaten to Poxder in a Morter covered with a Stone, he ſeeing this 
mixture blow off the Stone ftom the Morter, did thereupon deviſe a kind of Powder, 
and taught the Yeners.ans how to uſe the ſame in Pipes of [ron. 

Every Simple Body is either Bright and Light, or elſe Groſs and Dark, and Ponder- 
ous, and according to the variety and difference, it is always naturally carried towards 
ſome one or other part; the World hath height as upwards, or depth as downwards. 

All pure and rare bodies aſcend, as the Fire more than the Air 3 but the thigk and groſs 
bodies defeend, as the Earth more than the Water. | 

Nothing worketh naturally, but in that which is contrary to it, and more feeble ; the 
form of working,is aided by the Qualities and the matter ſuffering,whuch ſuffereth by the 
Quality, BEE TTY 

= is extremely curious; as well of her Perfeftion, as her Conſervation z and ther 
when all things conſpire, as well the Aion that cometh from tlie Agent, as the Paſſion 
from the Patient, hath proportion. OO TL 

Accident hath its variety from the ſubjeQ,and gocth not from one thing unto atiother. 

Every Corporeal: thing repoſeth in its natural place ; Nature admitteth no Empreſs. | 

A body rarifying it ſelf, the place thereof increaſeth as the body increaſeth 3 the re- 
ſiſtance of the moved propurtional to the Mover furthereth the motion 3 the longer the 
Chace of a Piece, the louder the Report 3 the force of the ſtroke of a Shot dependeth on 


the ſwiſtneſs of its motion, 
| Hbh | The 


- 
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tion and Uſe of the Gunners Scale, upon which is all ſorts of Ordnance, from the 
Tow aq rob ug their Weight, Lading, Shot, and other things appert aining pig ua 


This Scale is made according to the Diameter of our Engliſh Ordnance, 8 inches long, 
being the Diameter of a Canon-Royal ; and It may be made of Silver, Braſs, or Box, 
or any other fine-grained Wood, that will not warp. Upon one ſide are ſet the Nay 
of all ſorts of Ordnance, and in the Angle of meeting with the Names, is the Diame- 
tcr of the Bore and in the Angle of the Step is the common length of ſuch Pieces ; and 
upon the edg of the Step is how many Paces theſe Pieces ſhoot point blank, and joyning 
to the Line of the Diameter of the Piece, in their reſpective Columns 1s the weight of the 
Gun, the breadth of the Ladle ; the length thereof; the weight of the Charge in Pow. 
der; the Diameter of the Shot ; the weight of the Shot : And then a Line of Inches ; 
each Inch divided into 10 parts, and likewiſe into 8 parts, unto which the Lines of the 
Diameters of tie Bore are extended, alſo on the edg of the Rule there 1s a Line of Num. 
bers, by which you may work many uſeful Queſtions in Gunnery, as you will find in the 
following Pages. | 

The uſe of this ſide of the Scale, Suppoſe you come to a Picce of Ordnance, and it is 
deſired to know what Piece it is, take the Scale, and put it into the Bore of the Piece, 
the ſtep that fits it tells you the Name of the Piece, underneath you have the common 
weight of the Piece, the breadth and length of the Ladle, weight of Powder, Diame- 
ter of Shot, and weight thereof. 

For Example, Admit I came to a Gun, and found by the former DireCtions, that 
her Diameter of the Bore is 4; Inches. And I find her Name is Demi-calverin, lower 
than ordinary ;. and 9 or 10 Foot the uſual length, and the Paces the Picce carries point 
blank are 174 : and the uſual weight 2000 /. breadth of. the Ladle 8, and length 12 1In- 
ches, the weight of the Powder 6; 3 and the Diameter of the Shot 4 Inches, and the 
weight 9 L | 

The Explanation of the Scale may ſerve likewiſe for the Table following ; only take 
-notice, that under Inches and Parts, the firſt figure to the left hand is Inches, and the 
other is ſo many 8 parts of an Inch. ; 

For Example. Admit you enter the Table with a Saker of the loweſt ſort, the height 
of the Bore is 3 4 Inches, 8 Foot long, the weight 1400, breadth of the Ladle 64, length 
95 Inches, weight of+the Powder 3 pound 6 ounces, Diameter of the Shot 34, weight 
of the Shot 4 pound t 2 ounces, and the Paces the Piece carries (by Alex. Bianco's Table) 
is 150of 5 Foot tothe Pace. | | 

Obſervs that the Ladle is but 3 Diameters of the Shot in length, and © parts of the 
Circumferencefrom the Canon ; to the whole Culverin 1 allow the Charge of Powder to 
© be abont two Dlameters of the Piece : From the Cylverin to the Minion ; the Charge to 

fill two Diameters and a half; all from the Minion to the Baſe three Diameters of Powder. 


; The Deſcription of the other ſide of my Gumners Scale. 


Upon the other ſide is a Scale of 8 Inches divided into four. quarters, and betwixt each 
quarter above it is three Columns, wherein is the weight of all ſorts of Iron. Shot from 2 
ounces to 71-4 pound; and of Lead from-3 ounces to 106 pound -*, and of Stone from 
1 ounce to 26-7 pounds; each diſtinguiſhed from the other by their Names, written in 
The firſt Inch, and the weights and meaſures, accommodated unto our Engliſh Averdupois 
weight of 16 ounces to the pound, and to our Foot of Afſize of 12 Inches t6 the Foot. 
The Line of Inches being likewiſe divided into 10 parts, the whole into 80, may ſerve for 
ProtraAion. There is alſo the Guitiners Quadrant divided into go deg. in the outmoſt 
Limb,and in the 24 Limb within,jt is divided into the 12 points of theGunnersQuadrant, 
and each =" bay 4 parts;and in the third Limb is a Geometrical diviſion of right and 
contrary ſhadows, for the ready taking of heights and diſtances ; and there is alſo a 
Geometrical Quadrat, with each ſide divided into 10 parts, and each ro parts divided 
into 10 more. The uſe thereof in taking of heights and diſtances is in the 16 Chap. of 
the ſecond Book of the Deſcription of Inſtruments : Bur the uſe to lev<l,or elſe to mount 
or imbaſe any piece of Ordnance, is in the latter part of this Book. To the tide thercof 
. Is fitted a piece of Braſs of the ſame breadth as the Scale in "thickneſs, with two hols 
within an Inch of each end.and two Screws fitted to ſerve the four holes, as you may ſec 
in the Figure, that if you would level or maunt any Piece of Ordnance,ſcrew the Plate 
to the end at B, with both Screws, and put the Plate in the botrom of the Metcal as far 


ee 
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Chap. XI. The Art of Gunnery. 
as he will go, and put the Tomping in vpon him' to keep the Plate faſt, aud then level 
and mount your Piece, as is hereafter direted : tur it yoga will imbaſe any Plece of 
Ordnance, you mult ſcrew the Plate to the end A, and let the Me with the Line of Num- 
bers be next theMuzzle,and ſtop it with the Tomping,as before z then imbaſe your Piece 

or put him under the Line of 'Level as you will, to what degree you pleaſe; and when 
Gou have done, ſcrew the Plate to the ſide A B, with a Screw at one end, and a Screw 
at the other. There ts alſo over the weight of the Shot a diviſion of the right Ravges 

and dead Ranges of Randoms of any Piece of Ordnance, upon any mounture from 0 
degrees to go degrees. There is alſo a Plain Scale, on which there is a Line of Chords 

with the Gnomon-line,and a Line of {x hours of the ſame Radius,and a Line of Rhumbs 
with the Line of Sines ; and this is for the making any Dial in any Latitude by the fol- 
lowing DireCtions, and alfs for the m2king any Triangle, or reſolving any Queſtion in 


Navigation, or Aſtronomy. There is alſo a Braſs Pin in the Center ar C, for to hang 
the Thread and Plummer on, 


Ee: AE HBAFESHIFEIEE 
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The Names of the pieces | #3 Ne of 6 VF - 2.| 5s 
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=} IEnt 1 "1 1 87 2 F 
4 : had Hf TEN I OE - 
(3) T3 OE [3 
A Baſe. 1:2[43:6| 200] 2:of 4:o0| o:Bf[i:xz]o :5h] 60 
A Rabaner, 1:4|5:6| 3o0o| 2:4] ,4:1| oiz}i:3f0:8] 70 2 
Fauconets. 2:2] 6 :0| goo 4:of 7:4] I:412:2|1:t5j go 
Faucons. 2.:6|7:0| 750| 4:41] 8:2} 2:4|2:5|2:8|130 
Ordinary Minion. 3:0|7:0| 4$| 5:of 8:4] 2:8[2:7[3:4|i20 
Minion of the largeſt fize. |3: 2} 8 :o | 1000] 5:of 9:0 3:4 13:0][3 :12|125 
Saker rhe loweſt fort. 3:4iS :0|1400| 6:4] 9:6] 3:6]3:2|4:2|150 
Ordinary Sakers, 3:6|75 :0|1I500| 6:6] 10:4] 4:o[3:4]6 :0o | 160 
Sakers of the oldeſt ſort. 4 :0| 1001800] 9:2 11:of 5:0 f3:6[7 :5] 163 
Loweſt Demiculverin, 4 : 2] 10:0 [2000] 8:o0[12:0| 6:414:0[9g :0|174 
Ordinary Demiculverin, 4:4] 70:9|2700| 8:0 12:6] 7:4[4: 2| 10:11 | 175 
Elder fort of Demiculverin. [4:6] ',. |3008| 8:4] 13:4] 8:8 ]4: 4] 1211] 193 
Culverins of rhe belt fize. |: :of ,7: |qgoeo| 9:0 | 14:2|10:0J4:6| 15:0| 180 
Ordinary Culverin. 5:2| £7 [4500] 9:4[16:0|11:61|5: 0 19: 1] 18 
-| Culverin of the largcit ſize. | 5: 4 TE 4800|[10: o|16:0|11:8|5:2 | 20:0] 183 
Loweſt Deiuticanon, 6.:2|11: |5400| 1:420:0|14:0|6:0o |30:0| 156 
Ordinary Demicancn. 6:4] 12: |5600|12: 0[22:0{17:8|6:4 | 32:0] 162 
Demicanon of great fize. |6:6 | 12: |6000|12:0|22:6|18:0|6:5 | 36:0 | 186 
Canon Royal, or of 8:0[12: !800o| 14: 6] 24: ol 32:8[7 : 4 | 58:01 13g 


The Uſe of the Line of Numbers on the Scale. 
Knowing the weight of one Bullet, to find the weight of ariother Bullet, the height being given, 


Bullet of Iron of 6 Inches height weigheth 30 7.. what will the like Bullet of 7 
Inches Diameter (or height) weigh ? 

Extend the Compaſſes from 6 inches to 7 Inches Diameter, the ſame diſtance will reach 

from 30 /. weight, turned three times over, unto 47 0. 10 ounces, the weight of a Shot 


Inches high. ' 
7 WOO" The Arithmetical way. 


3OX 343 
— ===47 1. 10 ounces 4. 
216 


/ That is, Cube 6 makes 216, and Cube 7 makes 343 3 then by the Rule of Proportion 
multiply 343 by 3othe Product is 10240,divide by 216, the Quotient is 47 poundg, 31+ 
Which is 10 ounces. VEE RO IM 
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By the Tables of Log arithms, 


The Logarithm of 6 is —————07781512, 
The Logarithm of 7 is— — -— ——--—c8450g80 

Sabtrat the uppermoſt Number out of the lower, the dif.increafing, 0669468. 
* Thetriple of thig difference i9—— 2008404. 
Added to the Logarithm of 30 / — ——14771212 
l : —— 
l Gives the Logarithm of the weight 47; {4 ———--———16779616 


Now to know how many ounces +5? is, work thus by the Rule of Proportion. 

If 100 gives 54, what will 16 ounces give ? Anſwer, 10 ounces 3 ſo the Shot of © [n. 
ches Diameter weighs 47 /. 10 ounces or 47:7 pound, the like way of work is with all 
ſach Queſtions 


' Admit the weight of an Iron Bullet being 30 pound, the Diameter is 6 Inches, the weighe 
being 47 ;* what is the Diameter. 

TA [vide the diſtance between 3ol, and 47 1.:.* into 3 equal parts, and that diſtance 

will reach from 6 Inches to 5 Inches the Diameter required on the Line of Num- 


bers. | 
By the Logarithms. 
The Logarithm of 30 i's——- — 477; 
The Logarithm of 47:75 {. 6— ——-- 36779717 


Uppermoſt Subſtrafted from it, leaves the difference increaſing—2008505 


———— 


The difference divided by 3, or the third part of this difference-—of 69501 
Added to 6 Inches Diameter, the Logarithm —— 7781512 


Gives the Logarithm of 7 Inches Diameter required ——oſ45101; 
The Geometrical finding the Diameter for the weight of any Shot aſſigned. 


This Rule ſhews the proportion of the Diameters according to any weight given, as 
having a Shot of one pound, 2 pound, or 3 pounds weight of Metal or Stone aſſigned, 
if it beof one pound, divide the Diameter into 4 equal parts, and five ſuch parts will 
make a Diameter for a Shot of the ſaid Mctal or Stone that ſhall weigh 2 1. 

And divide the Diameter of a Shot that weighs 2 /. into 7 equal parts ,and 8 ſuch 
parts will make a Diameter for a Shot of 3 6. weight z And divide the Diameter of a 
Shot of 3 1. weight into 10 equal parts, and 11 ſuch parts will make a Shot for 41. 
weight. And divide the Diameter for a Shot of 4 1. weight into 13 parts 14 ſuch 
parts will make a Diameter ofa Shot for 5 /. weight; into 16 equal parts, 17 ſuch parts 
will-make a Diameter for a Shot that will weigh 6 7. and ſo dividing each next Diameter 
into 3 equal parts more than the next leſſer was divided into, and it will with one part 
added give the Diameter of a ſhot that will weigh i /. more; and this is near the truthy 
being only Mechanical. - 
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Note that. the Diameter of a Shot of any weight being doubled is the Diameter of a | 
Shot which weighs $: times as much. Thus the double of the Diameter of 1 1, makes a 


Pp: | Diameter of a ſhotof's /; and ſo the double of the Diameter of a Shot of 2 1. makes the 
3 Diameter of a Shot of 161, that is 8 times 2 /. and fo the double of one of 3/. makes 
I » al W 
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Chap. Rl. The Art of Gunnery. 


the Diameter of a Shot ot 2.4 4. and the double of 41. makes the Diameter of Shox of 32 / 
and ſo you may proceed as you pleaſe, and find the bigneſs of any Shot. 

Note alſo, having the Diameter of a Shot of : 1, double that Diameter it will make 4 
Diameter of 8/. and treblethe Diameter of 1 /, will make a Diameter of a Shot of 27/ 
az quadruple or 4 times the ſame will makea Diameter of a Shot of 64 and 5 Diame- 
ters will make a Ball of 125 /. ands Diameters of a Shot oft L will make a Diame- 
ter of a Shot that will weigh 216 7. : 


To find what proportion is between Bullets of Iron, Lead, and Stone, | knowing th 
weight of'a Shot of Iron, to find the weight of any other Sh? le 
Lead, Braſs, or Stone of the Ithe Diameter. 


The proportion between Lead and lron is as 2 to 3, ſo that a ſhot of 2 /. of Iron, is 
of like Diameter or beight as 3 l. of Lead. 


As for Example. A ſhot of Iron of 6 Inches Diameter weighs 30 1. to find the weight 
of a ſhot of Lead of the ſame Diameter. 


By the Rule of Proportion, If 2 gives 30, what will 3 give ; multiply and divide; and 
the Quotient is 45, the weight of a ſhot of Lead. Sts 3 Py ez an 


By the Logarithms, 


The Logarithm of 2 If — ———- —  —— 01030 
The Logarithm of 30 hens —— cm—_— 47 YIRER 
The Logarithm of 3 is ——-— —_ 
19542424 

Log. of 43 l. the weight of the Shot in Lead of the ſame Diam. aSc9n2dg 


Extend the Compaſlles from 2 to 30, the ſame diſtance ſhall reach from 3 to 45s 

The proportion between Iron and Stone is as 3 to 83 ſo that a ſhot of 301. of Stone is 
a big as the like ſhot of 801. of Iron; and 11 /.+ of Stone isof the ſame Diameter 6 in- 
ches, as a ſhot of 301. of Iron, and 457. of Lead ; the porportion between Lead and 
Stone is as 4 tO 1 ſo that a ſhot of Lead of 40 1. is of the ſame height as a Stone ſhot 
of 10 /. 

The proportion between Lead and Braſs is as 24 to 1g. 

The proportion between Iron and Braſs is as 16to 18. | 

By theſe Rules aforegoingyou may Calculate with eaſe, if Iron ſhot be wanting, and 
the other to be had, what weight any ſhot of Lead, Braſs, or Stone is to fit'any Piece of 
Ordnance ; and by the ſame Rules here is a Table Calculated and doth ſhew the weight 
. of any ſhot of Lead, Iron, and Stone, from 2 Inches Diameter to 8 Inches and quarters 
of Inches 3 the proper Stone for this purpoſe is Marble, Pebble, Blew hand Stone ; ( there 
may be a little: difference of weight in ſome ſort of Stone : but theſe do nearly agree in 
weight 3) you muſt remember in loading your piece with a ſhot of Stone you muſt not' 
have ſo much Powder as you do with Iron ſhot, but abate according to the proportion 
that is between Stone and lron. | | 


How by knowing the weight of one Piece of Ordnance to find the weight of anothtr Piece be- 
ing of the [ame ſhape and fortification, and of the ſame Metal or any other Metal. 


Firſt, with a pair of Callipers take the greateſt thickneſs of the Piece whoſe weight 
is known, at the Baſe-Ring z and alſothe Piece, whoſe weight you know not. 

Example. Admit a Braſs Saker of 1900fweight, hath his greateſt thickneſs r 15 Inches ; 
Now l find the Diameter of the other Braſs Piece whoſe weight I know not;to be 9%: Then 
proceed thus. 


As the Logarithm greateſt Diameter 11 et? —w=—_— 06059 
The Logarithm of the leaſt, 8-75 —— —094200 
The Difference increaſing — - m=—=— 11569 
| 3 
Thetriple of this Difference Subtraft — ————==————— 35607 
From the Logarithm of the weight given 1900— —327875 


Ot 


Reſt the Logarithm of 836, the weight required, en——2,9232$ 
Lii 
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Or extend the Compaſſes from 11; to 8:75 Inches Diameter, the ſame Diſtance will 
reach from the weight given 1900 Pound turned three times over to 836 Pound, 


The uſe of the Table, to find the meight of any Shot of Iron, Lead, or Stonefrom 2 to $ 
Inches Diameter. 


5 |=, Iron. | Lead. | Stone. |Z FP Iron, Lead. Stone, 
4 - Foun.Ounc. Poun, Ounc.|Poun. Ounc. > = \Poun. Ounc./Poun. Ounc.|Poun. Ounc, 
a ae Sodbes acne aha _ OPAL * 3 PER TPFE Oaks FED 
2 I Il 10510 E 17 05126 215 gh) 
2 [1 [1 9]2 610 9/5 [1 120 1130 217 Q 
2 [2/2 213 3/0 1215 [2 |2 2134 1115 II 
TS 2 1414 BD |. 1j5 13 [26 6139 91] 14 
3 | [3 198, ol 116 30 ool4 5 oc|ti 04 
3 [1 [4 1217 2|1 1316 |1 [34 oof51 0012 12 
3 j2 [6 o[8 I312 46 12 138 00157 cofl4 04 
3 [3 7 [11 oo] = 126 [3 [42 o0[62 _ocÞt5 12 
$ 8 15113 0713 617 43 o0[72 ochts OO 
| 4 |1 [10 105116 of of7 [1 [53 00179 o5]20 00 
| 4 (2 [12 104118 I 514 12/7 [2 [58 o0[87 oo[22 12 
| 4 [3 114 14/22 3 R773 190 00196 o0[2.4 oſs) 
| | [3 Ti o8!106 ell Io 


This Table is exaQtly Calculated, and the uſe thereof is very ealie ; we will make it 
plain by two Examplee ; I would.know the weight of a Shot of 6 Inches, in Iron, Lead, 
and Stone : The firſt Column is Inches, the ſecond quarters of Inches, the third Pounds 
and Ounces of Iron, fourth Pounds and Ounces of Lead, fifth Pounds and Ounces of 
Stone. 

Enter the Table with 6 Inches Diameter in the firſt Column, and in thar Line you ſhall 
have 3o pounds of Iron, 45 pound of Lead, 11 pound 4 Ou:ices of Stone; and likewiſe 
for Inches 3 Diameter the welght of an Iron ſhor is 14 Pound 14 Ounces, of Lead 
22 pound 5 ounces, of Stone 5 pound 9g ounces ; and ſo of the reſt. 


The Arithmet ical way. 
C87 x1900 | 
— ———36l. weight in Braſs. 
C115 


* But if the Piece had been Iron, whoſe weight you ſought, you muſt do as before with 
the Braſs, and find the difference of their Metals by the laſt Problem, which is as 16 to 
. 18, then ſay by the Tables, 


As the Logarithm of 19 ———— —— — 125527 
Is to the Logarithm of weight in Braſs 836——— —————292220 
Sois the Logarithm of 16———- t=—_—— 4 
| 412632 
To the Logarithm of the weight in Iron 743—» 2871 os 
Or extend the Compaſſes from 18 to 836 the ſame diſtance will reach from 16 to 743 
weight in Iron, 
The Arithmetical way. 


K 836 by 16 
TOR 18 


How by knowing what quantity of Powder will load one Piece of Ordnance ;, to know 
how much will load any other Prece whar ſoever, 
Admit you have a Saker ofthree Inches three quarters bore, and it requires 4 pound 
of powder ;, what will a Demi-Canon of 6+ Inches require 3 Work as follows. 


7431. of Iron. 


ns . WE As 


Ji xg _" 4 ” 
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As the Logarithm of 37; , Diameter — — 


- | —257493 
The Logarithm of 6.57 Inches Diameter —— w—281291 
the difference increaſing, < — — 
(3 
&@& Thetriple of the difference added—= — — ——— 71664 
The Logarithm of 4 the Powder, a oo OE 
to the Logarithm of 20; 753 1. of Powder ————-—-—131870 


So that the Demi-Canon muſt have 201. :.73 or 13 Ounces for her Charge of Powder, 
By the Scale, extend the Compaſſes from 3-75 to 6,7; Inches Diameter, the ſame dil- 
tance turned three times over from 4, will reach to 20 ; * 4. 
ſ 


How to make a Shot of Lead and Stone, the Stone heing put in the Mould in which the Leader 
Shot ſhould afterwards be caſt, to be of the like niameter and Weight as an Iron Shot us of. 


2 if2 Bm” © - Stone, | Both rogerher, 
2 | = ' Poun. Ounc. | Poun. Ounc. | Poun. ", oy 
14 jo 15/0 0519 Ge” 
1 {7 0 67 9 I+0 bs 
#7. Þ 14,0 4/1 2 If you take 5 parts of the weight of 
2 151 29 v2 +] thelron Shot in Lead, and one part 
3 F. 3 1 1013 12] Stone, it will come near the matter. 
3 |= |» Uh os ”| Here you have a Table how much 
+ | # x - '2 | Lead, and how much Stone mult be 
2 — together to make them equal to Iron 
TE 6 7/7 "7 | Shot, from 1 Inch to 8 Inches Dia- 
Bah 4. $ "TE © | meter 
6 25 05 0130 © . 
6 > 132 --- 0133 © 
7 | lao o8 0148 © 
7 [x 148 ojIo o153 © 
8 59 O{I2 O'7l C 
| The Arithmetical way, 
” — == 20 4, 13 ounces of Powder for to load a Demi-Canon. 
3 1:4 G 
You are likewiſe to underſtand that the Demi-Canon ſhould be fortified as well as the 
Saker,therefore find the weight of the Demi-Canon as in Sect. 8. the weight of the Saker 
being 1600 /. | 
The Diameter of the Saker is 3-75 Inches- manner $2604 
The Demi- Canon Diameter is 6 Inches. 281291 
The difference increaſing, ———-—  —— 3888 
| —(3 
The triple of the difference by ( 3 J———-———- —- 71664. 


Added to the Logarithm of 1600 weight of Saker — 320412 


Gives the Logarithm of 8332 the Demi-Canon, ———392076 


But ſuppoſe the Demi-Canon to be no more than 6000 weight, then proceed thus to 
find the weight-of Powder. 


The ſuppoſed weight of the Demi-Canon 6000—————z7785 
Add the weight of the Powder, if well fortified, is a0,%-— 131869 
- The Sum is 509654 
Subſtraft the weight of the Gun well fortified 8$332-——-—— 392074 
Leaves the weight of the Powder 16 moomnmmmnnnnarn————I 7610 

| Fifteen 
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Fifteen pound being a ſufficient Charge for that Piece : Or extend the Compaſſes from 
6000 to $332, the ſame diſtance will reach from 20 +; to 151. of Powder, as before. 
The Arithmetical way. 6000 x 20 pound 13 ounces. 


-——— — == 5 pound. 


$332 


Thus you are always to take care of over-1:ading your Piece, which Error Many run 
into, when they call a Piece a Demi-Canon, they preſently load her with ſo much as is 
allowed for ſuch a Piece ſo named, ſeldom examining whether the Piece have Metal 


cough for ſuch a Charge, by which miſtake they endanger their own Lives, and others 
which ſtand near. 


To make a true diſpert of any true bored Piece of Ordnance. 


Now we have found how to proportion Shot and Powder to any Piece of Ordnance 
true bored ; before we Load and Fire, let us find the true diſpert to dire the Shot to 
the alligned mark. , 

With a pair of Callipers (as in the Figure preceding) you take the Diameter of a Shot, 
and apply it to a Scale of Inches divided into 8 or 10parts; fo with the Calipers take 
the greateſt thickneſs or Diameter of the Baſe Ring, and by your Scale, ſee how much 
that is ; as admit that the length of the Line ab c 4,were the Diameter of the Baſe Ring, 
then take the Diameter of the Muzzle Ring ; as admit it be a b, then divide the difference 
b d into 2 equal parts,and one of them is the Diſpert, put it upon the Muzzle of the Gun 
as C B, and ſtick it faſt on the top of the Muzzle Ring with a little Pitch or Wax, and 
from the Baſe Ring at A in the Figure to the top of the Diſpert at B,take aim to the mark 
you would ſhoot to ; but if Callipers be wanting, take a Stick that is ſtrait and flat, and 
two Strings with two Muſquet Bullets at their ends,and two Loops made at the other end, 
the Stick being ſomething more than the Diameter at the BaſcRing,and put the Stick upon 
the top of the Ring at the Muzzle, as you ſee the Figure H K on the Gun, and put the 
Strings nearer and farther, until they only touch the Muzzle;Ring, and mark the Stick, 
and put the Stick on the Baſe Ring, and do in like manner, and mark the Stick, and the 
Work will be the ſame, as it were taken by the Callipers, for the diſtance of the Notches 
on the Stick will give the Diameter of the Baſe Ring, and Muzzle Ring, and half the 
difference is the Diſpert as before, if the Piece be true bored. 

| Another way to Diſpert a Piece of Ordnance. 

If the Piece be not Chamber-bored, take the Priming-lron, and put it down in the 
Touch-hole, until it reſt upon the Metal in the bottom of the bore, there make a mark 
on the Priming-lron even with the Baſe Ring; likewiſe apply the Primiug-lron to the 
bottom of the Metal at the Muzzle, and ſo much higher as the Mark is which you made 
at the Baſe Ring, then the Muzzle Ring, ſo much is the Diſpert. | 

Hotp to know whether your Piece be Chamber-bored, ©* 

Diſpert your Piece the firſt way, then with your Priming-Iron take the Diſpert this 
laſt way 3 which done, compare it with the other Diſpert firſt found, and what it wants 
(being doubled) is the difference of the Chamber from the bore of the Piece. 

Admit the Diſpert found is three Inches,and by this laſt way is but two Inches, it ſhews 
that the Chamber differs from the true bore on each ſide one Inch; fo that if the bore of 
the Pete be five Inches high, the Chamber being one on each ſide lower, is but three ln- 
ches high: The like Obſervation we would always have you to make, that you may 
not afterwards be deceived in making Cartrages of Canvas and Paper to load the ſame. 


How to know what Diameter every Shot muſt be of to fit any Piece of Ordnance, or to chooſe 
Shot for Oranance. 


Take the Diameter of the bore of the Piece, and divide it into 20 equal parts, ad 
one of thoſe parts is ſufficient vent for any Piece, the reſt of the 19 parts muſt be the 
height 6f the Shot ;, but now-a-days moſt Gunners allow the Shot to be juſt vne quarter 
of an Inch lower than the bore; which Rule makes the Shot too big for a Canon, and 
too little for a Faulcon ; but if the Mouth of the Piece be grown wider, then the reſt of 
the Cylinder within by often ſhooting, to fit Shot to ſuch a Piece, you muſt try with ſe- 
veral Rammers-heads, until you find the Diameter of the bore in that place where the 
Shot uſcth tolie in the Piece; and a Shot of one twentieth part lower than that is fit for 
the Piece ; therefore let Gunners remember to try the Piece as directed. 


To 
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To find what Flaws, Cracks, and Honey-combs are in Pieces of Ordnance. 


This is a good way, as ſoon as you have diſcharged a Piece of Ordnance, cover the 
ASuth of the Piece cloſe, and ſtop the Touch-hole at the ſame time; if there be any un- 
known Cracks or Flaws which go through the Metal, a ſmoak will come through thoſe 
Cracks and Flaws ; if not, the Gun is found. 

There is a way to reflect the Sun- beams when he ſhineth, with a Looking-glaſs or Steel 
in the hollow Cylinder of the Piece ; for by this nieans a bright aud clear light will be 
within, and by that. light you will ſee every Flaw, Crack, or Honey-comb. 

But by this way you may lee at. any time take a Stiek ſomething longer than the Piece, 
cleave the end of the ſaid Stick, for to hold an end of a Candle, light the Candle, and 
put it into the clefc of the Stick, and put it into the Piece z, by this light obſerve by de- 
grees whether from the one end to the other, there be any of the foreſaid Flaws, Cracks, 
or Honey-combs in the Piece. 

Tins isa uſual way likewiſe, if in ſtriking a Piece upon ſeveral places of the Metal 
with a Hammer of Iron, you ſhall atany ſtroak hear a hoarſe ſound ; then without doubt 
there is Honey-combs : but if in ſo ſtriking the Piece, you ball at every ſtroak hear a 
_ ſound, then you may be ſnre your Piece is clear of any Honey-combs, Cracks, or 
Flaws. | 

t To find whether a Piece of Ordnance be true bored or not. 

Firſt,- There muſt be provided a Staff, and two Rammers heads upon the Staff, and 
on the Rammers heads rhere muſt be two right lines drawn upon them ; to ' divide the , 
two Rammers heads (that are the juſt height, and fit the bore) into two equal parts, and 
draw lines on the Staff, that the lines on the Rammers heads may ſtand alike, at one end, 
and at the other end, as you ſee in the FignrzaL M. And ler the Staff come through 
one of the Rammers heads about nine Inches longer than the Cylinder of the Gun ; then 
lay a flat Stick on the Muzzle Ring, and hold the fide of the Quadrant (on the Gunners 
Scale) to the Stick, and by the String and Plummer find the middle, or upper and lower 
place of -the Metal ; then after you have found the'upper and lower point of the Metal, 
put the Rammer head L into the Gun, and let one hold ir hard, and right with the 
marks on the other upper and lower part of the Metal with the lines on the Rammer 
head above and below, whilſt you put a Priming-Iron in at the Touch-hole, and (trik- 
ing hard on the Rammer head, make a mark ; then pull ic out, and apply the line on 
the Rammer head tothe mark on the upper and lower edge of the Muzzle of the Gun, 
and you may preſently ſee how much the mark 1s from the right line of the Rammer head, 
to the right hand, or to the left ;, that is, if the mark is juſt on the right line, the bore 
is in the midſt: But if you find ita quarter of an Inch on the right, or lefr hand, ſo 
much lieth the bore either to the right or left ; and in ſhooting, the Piece muſt be or- 
dercd accordingly. wo 

But now to know whether it is thicker upwards or downwards, or how the bore is, 
the way to know this, find the Diameter to the Piece at the Touch-hole with a pair of 
Callippers, then bend a Wire a little at the end, that ir may catch at the Metal when ir 

is drawn out; after the Wire is fitted thus, firſt put ic into the Touch-hole till it rouck 
the b>trom of the Metal -in the Chamber ; then holding it in that place, make a mark 
upon the Wire, juſt even with the Touch-hole : afterwards draw up the Wire, until ic 
catch at the Metal at the top of the Chamber; and there make a mark upon the Wire 
juſt even with the Touch-hole : The difference between the two marks is the wideneſs 
of the Chamber under the Touch-hole, and the diſtance between the firſt mark and the 
end of the Wire, having half the Diameter of the Chamber of the Piece ſubſtract2d 
from it, will leave the half of the Diameter of the Piece at the Touch-hole, if che Piece 
be true bored : Burt if this meaſure be more than half the Diameter, then the bore lieth 
| too far from the Touch-hole, and the upper part of the Metal is thickeſt ; but if 1t be 
| I:{s, the under part hath moſt Metal. | 
| One Example will make it very plain. CY 

Suppoſe that the Metal at the Britch be repreſented by A B C D, and the Metal at the 
Muzzle byef g h, and the bore of the Piece I, whole Center is 4 or the bore K, 
whoſe Center is ”n : and I find the Diameter of the Piece to be 15 Inches at the Touch- 
hole, the balf thereof is 74 Inches. Then 1 find by a Wire the Diameter of the bore to 
be 5 Inches, but the bottom of the Metal is 10+ Inches, half the Diameter of the bore 


being 2: Inches, which ſubſtrated from 10 -; Inches leaves 8 laches, which is 4 Inches 
| LEE | Roe 
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more than the Diameter of the Metal, that ſhews the Centre of the bore to be atR, 
and the thinneſt of the Meal is undermoſt, and there is like to break firfÞ; beſides, jr 
ſhews that you muſt add half an Inch to your Diſpert of a true bored Piece, to rake a 
Diſperr for the' Piece to ſhoot well : But if the bottom of the Metal had been found 9: \g- 


- chesz then ſubſtrafting 2+ Inches, leaves 7 Inches ; which 15 kalf.an Inch leſs than half the 


Diameter of the Metal, and therefore the thinneſt part of the Meral is uppermoſt, and 
the Diſpert muſt be ſhortned half an Inch, View the following Figure. 


To know what quantity af Powder ſhould be allowed to a Piece of Ordnance not truly bored, 
Admit the Diameter of the Metal of the Piece at the Touch-hole be 16 Inches, and the 


Diameter at the bore is 5; Inches, the weight of the Piece 4850, ſuch a Piece requires 
111. for her due Charge, being near rwo Diameters of her bore in Powder : 


Bart 1 find 


the ſoul or bore to be an Inch owt of his place, or an Inch from the middle of the Metal; 
then I conclude, that the thinneſt part of the Meral is 4 Inches 7 parts, and thickeſt fide 
6 + parts; by which it appears, that one ſide is juſt two Inches thicker than the other 
RN ſide, as you may ſee plainly by this Figure ; in which the 

line A B divided, is the Diameter or greateſt thickneſs at 

the Touch-hole, every Diviſion repreſents an Inch from 
the outward Circle to the outward Circle, is the thickneſs 
of the Metal ; the inward Circle repreſents the bore of 
the Piece, which you may fee is an Inch from the true 
bore or Centre of the outmoſt Circle z therefore you mnſt 
work to find the weight of Powder, as if the Piece were 
fortified no more than only fo much as the thinneſt part 
of the Metal is, which here doth appear to be 4 Inches 


3 parts, which doubled makes 84 to which add the Dia- 
meter of the bore 5* makes 14 Inches, which call the leſſer Dameter. 


To find the weight of Powder proceed thus. 
The Logarithm of the greateſt Diameter 16 is _ 


— 220412 
The Logarithm of the leſs Diameter 14 — 214612 
The difference decreaing —— —- —— = 
Ee 3 
The triple of the difference Subtrafted——— —— —— ——17400 
From the Logarithm of 11 1, Powder ————-—— ——204139 
Leaves the Logarithm of the Powder 7 -t L,——— —-- 186739 


; Du Ae T4 $4 ounces is a ſufficient Charge for ſuch a falſe bored Piece ; or 


on 16to 14, the ſame diſtance 3 times repeated from 11, will 
reach 7: * porme, as before. 2 : e ; 


The 
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How Moulds, Forms, and Cartrages are to be made for any ſort of Ordnance. 


Cartrages are uſually made of Parchment or Paper ; to wake them, firſt take the 
height of the bore of the Piece, and allow ;; part of the Diameter for the Vent, and 
make tbe breadth of your Cartrages three Diameters of the Chamber of the Piece, beſides 
the ſewing or paſting, and from rhe Canon to the whole Culverin is allowed about two 
Diameters of the Piece, from the Culverin to the Minion, the Charge 1s the length of 
two Diameters -, and all from the Minion to the Baſe three Diameters of Powder, 
but make them at firſt about four Diameters long, and according to the directions here 
given mark them or put a pound of Powder into each Cartrage, and meaſure how full 
ic fills it by your Scale for each Gun, and ſo you may know how to mark the Cartrage 
for the full loading, or diminiſhing of your Powder, according to the goodneſs or bad- 
neſs thereof , and for the extrarordinary over-hezting of the Piece. Having reſolyed 
what ſort of Ordnance are to ſerve you, accordingly have a form of Wood turned to 
the height of the Cartrage, which is the ;+ part of the Diameter of the bore, and half 
an Inch longer than the Cartrage ;, before you paſte your Paper on the Form, /firſt tallow 
it, ſo will the Parchment or Paper ſlip off without ſtarting or tearing ; if you make forTa- 
per bored Guns, your Forms muſt be accordingly tapered if you make Cartrages of 
Parchment, allow one Inch for the Seams ; bur of Paper + of an Inch (more than three 
Diameters for the Paſting. When your Cartrages are upon the Former, having a bot- 
tom ready fitted, you mult paſte the bottom cloſe, and hard round about, and then let 
them be well dried 3 and mark every one with black or red Lead, or Ink, how bigh they 
ought to be filled ;, and if you have no Scales nor Weights, theſe Diameters of the Bul- 
lets mike a reaſonable Charge for the Canon 2+, for a Culyerin 3, and for the Saker 
3:, for rhe leſſer Pieces 3} of the Diameter of the Bullet, and let ſome want of their 
weight againſt the time they are over hot, or elſe you may endanger your (elf and others, 


How to make Ladies, Rammers, or Spunges for all ſorts of Ordnance. 


Very Maſter Gunner ſhould know how to Trace, cut out, and alſo make up and 
finiſh all Ladels, Spunges, and Rammers, and direct others. how to make, and finiſh 
the ſame ready for uſe. | 

You have. inthe Table foregoing the length and breadth of the Ladle, anſwerable 
to each Gun in inches and parts, and you muſt allow half a Diameter more to 
ncloſe the head of the Staff within the Plate ; the Button or Head of the Ladle-ſtaf 
muſt be the height of the Shot almoſt ; for Spunges, there bottoms and head are to be 
made of foft wood, as Aſp, Birch, Willow, to be one Diameter t in length, and 3 or a 
rery little leſs of the height of the Shot, and covered with Sheep-skins, and nailed with 
Coopers Nails, that together they may fill the concave of the Piece. 

Let the Head of the Rammers be of good hard Wood, and the height, (as before) one; 
and the length of the Diameter ofthe Shot at one end next the Staff, it muſt be fo turn- 
ned, that a Ferril of Braſs may be put thereon, to ſave the Head from cleaving, when 
you Ram home the Shot, the Buttons or Heads maſt be bored; for the Staff to be pur in, 
= faſtned with aPin through and the Staffs length a Foot more than the concave of 

Gun. 

To make a Ladle for a Chamber-bored Piece, your Compaſſes opened to juſt the Dia- 
meter of your Chamber within : part of an Inch, divide the meaſure into two equal parts; 
and with that diſtance draw a Circle on a Slate or Paper, and take + parts of the Circum- 
ference of that Circle for the breadth of the Plate of the Ladle; and for Cannons, the 
lengrh ogg ht to bz ſuch as at twice to hold the juſt quantity of Powder, Rammers and 
Punges for Sea ſervice,.are made of four-ſtrand rope, well ſerved with Spun-Yarn that Sh pu 
they may be ſtiff for uſe. Ye 


How the Carriage of 4 Piece ſhowld be made. 


Meaſure the length of the Cylinder of the bore, and once and half that length ſhould 
be the length of the Carriage, and in depth foar Diameters of the bore of the Piece at 
the fore-end, inthe middle 3 and *, and at the end next the ground 2 and 4, the —_— 
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neſs the Diameter of the ſhot z the wheels ſhould be one half the length of the Piece ba 
height z the Saker and Minion muſt exceed the former by - part, the Falcon and Falcg- 
net by one lixth Part, Sea-Carriages are made leſs, and of another form. | 


To know if the Trunnions of a Piece of Or dnance are placed right. N 


Meaſure the length of the Cylinder of the bore from the Muzzel to the Britch, Divide 
the length by 7, and multiply the Quotient by 3, and the produCt will ſhew you how 
many inches the Trunnions mult ſtand from the the borrom of the bore of the piece, and 
and you mult know thatthe Trunnious ought to be placed, ſo that *. of the Peice may 
be ſeen above the Center of the Trunnions. 


How much Rope will make Britchings and Tackles for any Piece; 


The moſt experienced Gunners give this Rule. Look how many foot your Piece is 
in length, four times ſo much is the length of the Tackle, and their Britchings twice 
the length, and if the Ropes be ſuſpected not to be good, they nail down Quoyns to the 
Fore-Trunks of heavy Guns, that they may have no play; and if Britchings, and 
Tackles, and Quoyns ſhould give way in foul weather, preſently diſmount ber, that 
is the ſurelt way. | 


What Powder is allowed for Proof, and what for Aftion of each Piece, 


For the biggeſt ſort of Pieces, as Cannons ; for Proof 4, and for Service - the weight 
of her Iron Shot, for the Culyerin the weight of the Shot almoſt for Proof, and for Action 
2, for the Saker and Faulcon, for Proof the weight of the Short, and for Aion 5, and 
for leſſer Pieces the whole weight of the Shot, for Service and for Proof give them one 
and - of the weight of the Bullet in Powder, 


The difference between the common Legitimate Pieces, and the Baſtard Pieces, and 
extracrdinary Preces. 


Gunners call them Legitimate Pieces, tbat have due length of their Chaſe accordins 
to the height of their bores, Baſtard Pieces, are ſuch as have ſhorter Chaſes than th® 
Proportion of their bore doth require ; and Extraordinary, are ſuch Pieces as have lon- 
ger Chaſes, than the Proportion of their bore alloweth; and thele are called Baſtard 
Canons, Culverins; and folikewiſe of Saker and Faulcons, which by your Scale, and 
the Rule thereon, you may preſently find. 


How Powder us made, and ſeveral ways to know whether Powder be decayed or no, by moiſture 
or ave, in part, or in whole, 


Powder was always made of Salt-Peter, Brimſtone, and Charcoal ; but in theſe latter 
times experience hath ſtill mended the goodneſs or ſtrength of it more than it was in 
former times by much : The beſt ſort that is made at this preſent time of ſix parts Sal- 
peter, Brimſtone one part, and Charcoal one part. The common Piſtol Powder is now 
made of Saltpeter five parts, one part of Brimſtone, and one of Coal ; Canon-Powder of 
Saltpeter four times as much as of Brimſtone, and as of Coal. The reaſon why Piſtol- 
Powder being the ſtrongeſt is not ſo good for the Canon as the Canon-Powder which is the 
weakeſt, although you take but ſo much of the Piſtol-Powder as you find to be of like 
ſtrength with that quantity of Canon-Powder fit for the Charge of the Piece : And the 
reaſon why Canon-Powder is beſt for Ordnance, is, becauſe it taketh up a greater room 
in the Cylinder of the Piece than Piſtol-Powder ; and ſo it hath the greater length or for- 
tification of Metal about it in the Piece. 

This N, Nye found by an Experiment made by him, he loading a Saker-bore Piece of 
Iron, the thickneſs of the Metal about the Chamber was 2 Inches, with 4 pound of weak 
Cannon-Powder, which filled the Cylinder of the bore 9 Inches juſt. He fired, and the 
Piece went off ſafe 3 and he ſaith, he loaded her again with one'pound and ; of fine Pow- 
der almoſt, which filled the bore but 2 Inches ,, and when the Gun was diſcharged 1t 
broke into diyers pieces | 


How to know good Powder. 


The harder the Corns of Powder are in feeling, by ſo much the better it is- Second- 
ly, Gun-powder of a fair Azure or French Ruſſer-colour is very good, and it may be 
Judged to have all its Receipts well wrovght, and the proportion of Peter well Joe 
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Thirdly, Lay three or four Corns of Gun-powder upon a white piece of Paper, the 
one three fingers diſtant from the other, and fire one, if the Powder is good, they will 
all fire at once, and leave nothing but a white chalky colour in the place where they were 
burned, neither will the Paper be touched ; but if there remains a groſneſs of Brimſtone 
arp Saltpeter, it is not good. Fourthly, If you lay good Powder on the Palm of your 
hand, and ſet it on fire, it will not burn you. Fifthly, To know the beſt among{t many 
ſorts of Powder, make a little heap of every ſort, and then ſetting thoſe heaps one from 
the other, mark well when you put hire into them, which of the heaps did take fire the 


ſooneſt ; for that Powder that will ſooneſt be on fire, ſmoak leaſt, leaye leaſt ſign be- 
hind it is the beſt. | 


How to make excellent good Match to give fire to any Ordnance. 


| Take Cords made of Hemp that is not very fine, or of Tow which is better, (al- 
though it will conſume ſooner,) and twiſt it until you have made the Strands as big as a 
mans little Finger 3 this done, boyl the ſaid Cords in ſtrong Lye-aſhes, 2nd a little Sait- 
peter, until all the Lye be waſted, and then make it up, and take the Feces or remainder 
into your hand, and through it draw the Match twice or thrice, then dry it, and keep it 
for ſpecial uſes,for Vaults,Mines,and moſt weather,for it is very fit for your ule any where. 


To make Powder that will not waſte with time, and preſerve that which i good from decaying. 


That time ſhall not waſte it, take what quantity of Powder you will, and mix it with 
Brandy, and make it up in Balls, and dry them well in the Sun, or ina warm place, and 
keep them in Earthen Pots well glazed until you have occaſion to uſe them. 

To preſerve Powder that is. g00d, all Gunners have, or ſhould have that reaſon to keep 
their Powder and Store In as good a dry place as is to be had in Fort or Ship convenient, 
and every Fortnight, or at moſt three Weeks, turn all the Barrels, and Cartrages (bar- 
relled up for readineſs) upſide down, fo will the Peter be diſperſt into every place and 
part alike ; for if it ſhould ſtand long, the Peter will deſcend downwards always as it lies, 
and if it isnot well ſhaked and moved, it will want of its ſtrength at top very much, 
and one Pound at bottom, with long ſtanding, will be ſtronger than three at the top. 
Keep all Cartrages which are filled for the Piece againſt itis hot in Barrels by themſelves 
that you may know them by a mark when necd requires. 


To renew and make good again any ſort of Gun-ponder that bath loſt its  frength by long 
lying, or moiſture, or any other means. 


Firſt, moiſten the ſaid Gun-powder with Vinegar or fair Water, beat it well in a 
Mortar, and then ſift it through a fine Sieve or a Search; with every pound of Gun- 
powder mingle one ounce of Salt-peter that hath been mealed ; and when you have ſo 
done ; beat and moiſten this mixture again, until you ſee by breaking, or cutting with 
-- a Knife that there is no ſign of Salt-peter in it ; moreover to corn this Powder when it 
is incorporated with the Peter as it ought to be, prepare a Sieve with a bottom of thick 
Parchment. made full of round holes ; then moiſten the Powder, which ſhall be corned 
with Water, put the ſame, and zlſo a litle Boul into the Sieve; and when you have fo 
done, {ſift the Powder fo as the Boul rolling up and down in the Sieve, may break the 
clods of Powder, and make it by running through the holes to corn 3 and that which 
will not go through, you muſt beat it again until it will. i 


To makes Powder of divers Colours, and firſt to make white Powder. 


Take of Salt-peter 12 parts, of Brimſtone two parts, and of Camphir one part, beat 
and ſifr, and incorporate all theſe things together ; and after you have fo done, beat 
them again, and ſo oft until you are ſure they are well incorporated, then moiſten it 
with Aqua Vite; and when you have thus done, corn the Powder, as you are taught be- 
fore. To make Red Powder. 

Take the ſame things, and work them as before direfted for White Powder, and as 
that was moiſtned with {qua /3te, now you mult moiſten this with Vinegar, being firſt 
boyled with Braſil wood until it be red as blood, which will make the Powder likewiſe 
ſo in moſtening ir, and then corn ir, as is defore taught. 


To make any coloured Powder, 


Boyl the Vinegar ia ſuch tranſparent Colours as = would have the Powder to be of; 
as 


— 
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as if Blue, with blue Rice, of Green, with a little Verdigrezce, and the like : Always 
take care that the Colour be gor too thick, but very thin, or elſe it will weaken the 
Powder that you make. 


of ſeveral ſorts of Salt-peter, and a way how to make a ſort of Sali-peter very excely, 
: lent, with eaſe, and leſs coſt than any may. 


Artificial Salt-peter is a mixture of many ſubſtances-gotten with Fire and Water out 
of dry Dirt and Earth, as out of Vaults and Tombs, and alſo Charnel-Houſes : The beſt 
of all is of Beaſts Dung converted into Earth, in Stables or Dung; hills of a long time 
not uſed; and when it is to be made, it is made with a great deal of Charge. Another 
ſort of Salt- peter is made on Flower that is called Plaſter that groweth on Walks, four 
parts, of unlſack'd Lime one part, and fo boyled over the Fire with Water, and 
proceed as is uſual in making Salt-peter. ur this one: way, which 1s the moſt eaſie ard 
leaſt coſt I will ſhew you. : ; 

Take quick Lime, and pour warm water upon it, and let it ſtand fix days, ſtirring 
it twice or thrice a day ; take the clear of this water, and fet in the Sun until it be 
waſted, and the Salt-peter will remain in the bottom. To refine Salt-peter, and make 
it fit for uſe, there is Krerel ways,but this by Fire I ſhall only write of. Do thus 3 take an 
Iron Pot or Skillet and fill it with Peter, ſet it on the Fire, and cover it cloſe with an 
Iron Cover, or with a Stone ; when the Salt-peter is melted, take Brimſtone molt finely 
beaten, and caſt ſome thereon ; kindle it, and let it burn nnnl all the upper part be 
burned, which leaye the Salt-peter cloſe like to a piece of Marble, for the Brimſtone 
will burn up the greaſineſs of the Salt-peter. It is no purpoſe to give further relation 
of this, by reaſon every Gunner may have his Peter ready made, refined, and in Meal at 
the Ship-Chandlers ; or if he is conſtrained to make Peter or Powder, he may have ſe- 
veral Books which give a full and large Deſcription of the making thereof. 


How to load and fire a Piece of Ordnance like an Artiſt. 


To load your Piece, firſt obſerve the Wind, and be ſare to lay your Budge-Barrel, cr 
Cartrage of Powder to Windward of your Piece, and place your Linſtock to Leeward, 
clear the Touch- hole, and Spunge her well, and ſtrike the Spunge on the Muzzle to 
ſhake off the foulneſs, two or three blows. Stand on the right ſide of the Gun, ard 
let your Aſſiſtant hold the Barrel aſlope, ſo that you may thrult in the Ladle, being full, 
give it a ſhog, then ſtrike off the heaped Powder, he being on the right ſide likewile, 
with your Body clear of the Muzzle, put the Ladle home to the Chamber, ſteadily hold- 
og your Thumb upon the upper part of the Ladle Staff, then turn the StalF nntil your 
Thumb be under it, and give a ſhake or two to clear the Powder out of the Ladle; 
as you draw It out, keep it up that you may bring no Powder out with the Ladle ; then 
with the Rammer put the Powder home gently, and after put in a good Wad, and thruſt 
it home to the Powder, and give it two or three ſtroaks, to gather the looſe Powder to- 
gether, and it will fire the better ; be ſure your Aſſiſtant have his 'Thamb on the Touch- 
hole all the while ; then put in the Shot home with the Rammer, and after it another 
Wad, and then with the Rammer give two or three ſtroaks more to ſettle it home, that 
there may be no vacuity between the firſt Wad, Bullet, and laſt Wad ; ſtanding to Wind- 
ward, and your Piece (by the Diſpert) direfted to the mark, prime her, and let the 
Powder come from the Touch- hole to the Baſe Ring, your Leg ſtanding forward, and 
and fire the Powder on the Baſe Ring, and draw back your hand, and you have fired like 
a Gunner ; but if you had given fire upon the Touch-hole, the Powder there would 


have endangered to have blowed the Coal and Linſtock off your hand ; therefore you 
muſt have a care of a great Touch-hole. 


The difference of Shooting by the Metal, andby a Diſpert. 


Shooting by the Metal, as in the Figure AB, is thus, admit you raiſed the Muzzle 
Rivg, and the Baſe Ring, and the Mark with your Eye in a right line, if you pur the 
Gunner's Scale into the Muzzle with the Plummet hanging to it, you ſhall find it elevated, 
which will be more or leſs according to the length of the Piece, and in regard of the 
ſeveral differences of the length and Diameter of her Baſe and Muzzle Ring, no cer- 


tain proportion can be aſſigned for the Randoms, but they vary according to the lengti 
of the Picce 


How 
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How to direft a Piece, to amend an ill ſhot that was made by a Diſpert. 


After you have made one Shot, and find the Piece carry juſt over the Mark, then load 
your Piece as bath been before taught, and when your Piece lies directly againſt the 
Mars, obſerve how much the laſt ſtroke of the Shot appzars above the Mark, ſo much 
longer, make your Diſpert, that the top of it may be juſt ſeen from the Britch- of the 
Piece in a direct line with the ſtroke of the Shot; and then level your Piece with this 
new Diſpert to the aſſigned Mark, give fire, and it may prove a good Shot, if the firlt 
Shot had ſtruck under the Mark, then bring the Piece in all points as before ; mark how 
much the Diſperrt is over the thor, and cut it juſt ſo ſhort, as being at the Britch, you 
you may diſcern the top of it, the Mark of the Baſe Ring.and ſtroke of the Shot in a right 
line, when you perceive It is of ſuch a length; level the Piece to the intended Mark, as 
at the firſt, prime, and give fire. | 

If the firſt Shot had {truck on the right hand of the Mark, to merd it you muſt leyel 
the Piece as formerly, you ſtanding behind the Britch of the Piece, obſerve the ſtroke of 
the Shot over the Diſpert, and what part of the Baſe Ring you ſaw in a right line with 
the Diſpert, and the ſtroke of the Shot, ſer up a Pia with alictle ſoft Wax there on the 
Baſe Ring, then level your Piece to the Mark intended by this Pin, and the firſt Diſpert, 
and you may make a fair ſhot 3 for when you level by the Metal of the Baſe Ring, where 
the Pin is placed and the Mark look over the top of the Diſpert from the Mark in the 
Baſe Ring, and you ſhall find the Piece to lie juſt to much to the lefr, as the former Shot 
ſtruck to the right from the intended Mark, which ſhould in all likelihood prove a good 
Shot, unleſs there be ſome other impediment. 

But if the Shot be both wide and too low, then you muſt uſe both DireCftions, as be- 
fore taught to make rhe next Shot ;, firſt regalate the Diſpert by cutting it ſhorter, accor- 
ding as the Mark of the Shot is lower than the intended Mark, then by the laſt Rule 
mend the ſhooting wide; theſe things done. with care and diligence, you may be ſure 
will mend a bad ſhot. 


of Shooting by Elevation or Random at a Mark, 


The Random of 2 Piece is the whole diſtance from the Platform upon which the Picce 
is diſcharged unto the firſt fall or graze of the Bullet on the level line 3 or on the ground 
called the Horizontal Plain, Now it is very difficult, and a thing uncertaia to arrive 
herein unto exaCtneſs without much experience of the Piece; and therefore every one 
that will learn to ſhoot at Random, muſt draw his Piece into a level ground, where firſt 
ſhooting level, he muſt obſerve that diſtance in Feet and Pacesz then mount his Piece to 
one dev.and mark where that doth graze, and thus find the diſtance of every degree from 
the Level to the tenth degree, or as high as the Piece will mount ; and by theſe diſtances 
make a Table, to which annex the degrees againſt the diſtances, by which Table, and 
the Rule of Proportion, you may find how far another Piece will convey her Shot from 
degree to degree. but ia caſe you cannot have the Liberty, nor Powder to do that, you 
ſhall have a Table here that was made out of a Saker eight Foot long (by Nath. Nye, as 
in the fortieth Chapter of his Book_) where he ſaith, he loaded her with three pound of , 
Powder, the Shot at one degree of mountuce was carried 225 Paces; the next Shot was 
at fivedegrees Random, and that mounture the Shot was conveyed 416 Paces; and the 
next trial wasat ſeven degrees mounture, and the Random was 505 Paces the laſt trial 
was at ten degrees mounture, which ſent the Shot 630 Paces, of five Foot to a Pace. 

Whilſt he made theſe Shots, he loaded the Piece himſelf with looſe Powder, exactly 
weiged, and weighed the Wad alſo, and beat down the ſaid Wad with four tirokes ſo 
near as he could by the ſame ſtrength, as he did the time before ; alfo he let the Piece 
cool betwixt each Shot of it ſelf, ſtaying above half an hour betwixt each Shot, he put no 
Wad after the Bullet 3 becauſe the Piece was mounted, he tried the ſtrength of his Pow- 
der, and noted it down, to compare with other Powder, to know its ſtrength by ; and 
that is theway all Gunners muſt take, that intend to make good Shots at Randoin. Note 
alſo that all Gunners ſhould be able to draw an exatt Deſcription of any Garrilonh, and 
every Obje@ that lieth near his Works (by the Rules of the ſeventh Chapter of the Art 
of Surveying by the Sea-Compalſs in this 5th Book ; ) ſothat he may know what is with- 
in reach of his Guns, by which means he ſhall be ready at all times to know his Diſtan- 
ces by his Maps: Then after he hath made one Shot, he may make anorher Shot to any 
Diſtance he pleaſeth. 


Example, 
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Example. Suppoſe I know the diſtance by my Map where the firſt Shot grazed to bs 
704 Paces, the mounture of the Piece being 4 degrees, how much muſt I mount the Piece 
to convey her Shoot goo Paces, 

You muſt ptoportion theſe diſtances of Random, to thoſe in the Table following : 
ſaying, if 704 Paces require 370 Paces, (as in the Table at 4 degrees of Random 


) what 
number will anſwer unto goo ? y 


Work thus. 370 x 900 


—==473 
704 
Or thus. The Logarithm of the Shot made 504 is ——— 284757 
The Log. of the Numb, inthe Table againſt 4 deg. viz. is 370 256820 
The Logarithm of goo Paces Random is - - - =— 295424 
1he Sum is— — 552244 


267487 
Gives the Logarithm of 473 Paces, which1 look for in the Table of Randoms, but 


find no ſuch number there, but the next leſs is 461, againſt 6 degrees, and the next 
greateſt is 550 againſt 7 degrees, the difference between theſe two Numbers is 44, and 
461 is 12 leſs than 473, and 12 is near one fourth part of 44, and therefore it ſhews that 
the Piece muſt be mounted at 6 deg. + to reach'the Diſtance of gco Paces. 


A Table of 

the proportlo- 

on of dead 

Ranges. This is the Table of Randoms that was made out of the forenamed 
Deg. Randoms. | Saker of Eight Foot long, and loaded with three Pound of Powder, and 
o | 206 every Gunner is adviſed, if poſlible, to get Powder to make one by his 
I 223 } ownexperience, and always to keep ſome of the ſame Powder to try any 
2 | 374 other Powder he ſhall have occaſion to uſe, for this is one of the mate- 
Z th rial things belonging to a Gunner, without which he can never make a 
; _ p good Shot ; for at the time of a Leagure he muſt expect often to change 
£ Fa his Powder, and ſometimes ſhzll have 9 Pound of one ſort as good as 1 5 
7 | 505 of another ſort, as by ſhooting you may experience. 

$ 548 
9 | 599 

10 630 


How to give Level to a Piece of Ordnance with the Gunners Rule at any Degree of Random. 


Your Piece being Loaded in all Points, as is before taught, and you having brought 
the Piece in a Right-line with the Mark, the Diſpert being placed upon the Muzzel-Ring; 
in like manner place your Ruler upon the Baſe-ring, bolding it upright, which you try 
with a plum-line fixed thereto. Now having before the Diſtance to the Mark you intend 
to ſhoot at, admit it be 461 Paces, and the firſt ſhot you made for praCtice out of that Gun, 
conveyed her ſhot at two degrees of mounture 274 Paces, then according to the Tables 
of Random, | find 461 againſt 6 degrees, to which 1 muſt mount the Gun to reach the 
Mark. . 

Then to find by this Table how many Inches, and hundred parts of one Inch 6 degrees 
will require; lookin theTable above and find on the left hand in the firſtColumn the length 
of the Piece ſuppoſe 1 3 foot, under 6 degreee in the common-Angle, you ſhall find 16+ 
Inches, and to that height 1 ſet the Bead on the Lute-ſtring ; then cauſe the Piece to be 
mcunted higher or lower, until you bring the Bead, the top of the Diſpert, and the Mark 
all in one Line, ſtop the Piece in that poſition with a Coyn, then Prime, and give fire, 

, If you will ſhoot by the metal of the piece, ſubtraCt the height of the, Diſpert out of 
the Inches found by the Table, and the remainder mount your Piece unto ; if the Diſpert 

be 3 inches + long, ſubtrafted from 16 : 44 found in the Table, leaves i 2+.'?, or 12,7 
of an Inch, which is the height of the Bead to ſhoot the ſame diſtance by the muzzel- 
Ring without the Diſpert . 


How 
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How to divide the Gunner's Rule into Degrees by help of a Table, farting 


Foot to 14 Foot long , and by the help of this Table, any Piece may be Elevated to any degree 
without a Quadrant, Ruler, or any other Inſtrument. 


Kote, this Table bath 11 Columns, the firſt ſhews the length of the Piece in Feet and 
half Feet, the other ſhews the Correſpondent length from i degree to 10 degrees in [n- 
ches and 100 Parts. The Uſe of the Table. 

If your Gun be 8 Foot long one Inch +, makes onedegree; your Gun 12 Foot long 
five Inches -? makes 2 Degrees. Or you may ſet your Bead to 5-,5 Inch, to mount 
him 2 Degrees. 


i —_ 


it for any Piece from 5 


—— 


4 Dep. 


The len. of the Piece| 1 Deg. | 2 Deg. | 3 Deg. 5 Deg. | 6 Dep. | 7 Deg. [8 Deg. 19 Dep. | 10 Deg. 
Feer and + Feer. Inc. 1 oo}Inc. 100] Inc. 1o0!Tnc. 100 Inc, 1 90Þ Inc. 100[Inc. 100[Jnc, 100 Inc. 100)Inc. 00 
5 Foor long. I 312 613 8/4 arſ5 1416 19/7 19]ſ3 $2.9 25/6 
5 Foor and half. |1 14\2 28/3 42/4 56/5 Joſs 84/7 98/9 1210 4 'S] 6 
6 Foor long. 5 2212 44/3 __65/4 8816 1oſ7 33/8 $319 78jit $|12 29 
6 Foor and halt. k 4612 72/4 8/5 446 Yoſs 1719 531j10 89 12 25j13 68 
7 . Foor long. .. |! 32]2 944 4iſ5s 88/9 35]% 82]10 3o[tr 97!13 24114 13 
7 Foot and half. |5 $58]/3 144 7116 28/7__85]9 42j10 99|12 5514 14/15 71 
$ Foor long. t- © 6813 . IJ 416 2/8 goſio Bit 76113 44'15 12116 $2 
8 Foor and half. |t 79j3 58j5 37/7 1618 g5io 74/12 53/14 32416 12/17 92 
g Foor long. |1 989!3 79|5 39/7 5819 a47jii 37113 27115 13/17 31138 98 
9 Foot and halt. |2 00/4 ol 5 ol$ oſto oi: roſlg 2116 3j18 4'29* 4 
1D Foor long. 2 16,4 20[5 Jo|S g4goſio 3oſl2 G1/[14 73j16 84118 46'21 g 
o F d half. {2 21 116 609i BL[t1 $ g £1 
10 Foor an 21/4 4 9, rj12 38115 48jI7 68:19 8922 to 
t1 Foor long. 2 31]4 6216 939 2411 56[13 $8116 22]18 51/20 $223 714 
E |  . 
t1 Foot and half. ;2 42:4 a7 26/9 6E8[12 1oſ14 53,16 95119 37,21 8o 24 21 
12 Foor long. __|2 53]5 67 _59j1> 12[12 65115 18117 7u20 25'22 78 25 33 
12 Foot and half. |2 63]5 207 B8g[lo $2113 i5]15 98118 4ij21 423 67 26 33 
13 Foorlong. - 12 74j5 48/8 B821o geli3 7oji6 44j19 48121 92.24 6827 4o 
13 Foor and half. |2 84/5 68|8 52/11 36[14 2o[17 419 $8122 7225 5623 42 
14 Foot long. 2 oggls gols S$85{11 BSolilqg 75!i17 qol/20 65/23 60,26 56 29 _ 


How to make the Gunner's Rule, being an Inſtrument which will elevate @ Piece of Ordnance, 
with more facility than the Gunner's Duadrant. 


Becauſe the Quadrant on the back-ſide of the Scale cannot be conveniently vuſcd at 
all tines, efpecially when being near the Enemies Guns, and the wind blows hard, the 
Plumb-Line is too long before he ſtands ſtill ; to remedy this, the Gunner's Rule was in- 
vented 3 the Figure thereof you may ſee here ; this Ruler muſt be 10, 12, or 14 Inches 
long or more, according as the Gun will require it, and muſt have a long ſlit down the 
middle thereof, the Head thereof make Circular according to your Gun, as you fee in 
the Figure 3 the Inſtrument is deſcribed ſtanding upon his Britch of a Piece of Ordnance z 
in the middle of the ſmall narrow lit you muſt place a Lute-ſtring, or a well twiſted 
Silk-ſtring with a Bead on It 3 this Bead muſt be ſet to Inches and Parts, as you find is 
agreeable to ſuch a degree as you muſt mount your Gun to, on one {ide the ſlit there be- 
ing placed a Diviſion of Fnches, and every Inch into 10 parts, and thus it will ſerve for 
all ſorts of Guns ; but if it be for a particular Gun, then on the other ſide you may place 
the degrees and minutes when you ſhall find it by the length of your Gun, how many 
Inches and Parts correſpond thereto 3 but to uſe it with all ſorts of Ordnance, let it only 
be divided into Inches and Parts, 
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How by the Table tMLevel 4 Peece of Ordnance, without the Gunners Rule, 


If you have not a Quadrant, nor a Rule, and would make a ſhot at 4 degrees of Eleya- 
tion, look in the Table, and find the length of the Piece, which ſuppoſe to be 9 foot id 
half, right againſtg.' inthe Angle under 4 degrees, you ſhall have 5 Inches to be the 
length of any Stick, cut and fetitupon the Baſe-Ring, and bring the top of the ſaid 
Stick, the top of the Diſpect, and the Mark in a Right-line with your Eye, and Prime, 
and give Fire, and you may make a good Shot z. and if you will have no Diſpert, take 
the Diſpert, and meaſure it upon the foreſaid Stick at the Baſe-Ring, and from it cut of 
its length, and the Remainder you may uſe upon the Baſe-Ring, and it ſhall mount the 
Gun to 4 degrees as before, and bring the top of the Stick, the Muzzle-Ring, and 
the Mark in a Right-line, and you may make a gook ſhot ; if the Diſpert were 3 inches, 
that cut from 7 inches, the Remain 1s 4 inches for the: length of the Stick to be ſet on 
the Baſe-Ring, for to level the Piece without a Diſpert. 


How to make a Shot at the Enemies Lights in a dark Night. 


Upon ſuch occaſion, to ſhoot at a Light ſeen in the Night, Diſpert your piece with a 
lighted Wax Candle, or with a lighted piece of Match, chat with your Eye you may 
bring the Baſe-ring, the fired Match on the muzzel-Ring, and the Enemies Light in a 
Right-line ( or mark ) then give fire, and you may make a good ſhot. 


' How to make a perfelt Shot at a Company of Her ſemen,or Footmen paſſing by the place where Ord. 


nance doth lie upon a Level-ground ;, and alſo to make a good Shot at a Ship Sailing apon a River, 


Take a Piece that will reach the way or Mark ina Right-line that the Horſe or Foot 
areto paſs by, then your Gun loaded ſo with Powder that it may preſently take fire ,and 
taking a Tree, Buſh, or Hillock, or ſome. croſs way for his Mark, and when the Ene- 
my come near to that way in a Right. Line with his Gun, give fire : And ſhooting at a Ship 
in a River, he muſt put his Piece to ſome evident Mark on the other ſide the River, and 
when the Head of the Ship ſhall begin to be betwixt the Piece and the Mark, and then 
give fire. 


How to cauſe the ſame quantity both of Powder and Shot, diſcharged out of the ſame Piece, to 
carry cloſe, or more ſcattering. | | 


In the Book of Mr. Fobn Bate of Extravagants, he faith, take the quantity of a Pea of. 
Opium, and charge it among the Caſe-ſhot, and it will make the ſaid ſhot flie cloſer to- 
gether than otherwiſe it would z for Opium is of congealing and fixative nature 3 this a 
Seaman found by experience. 


How a Shot which ſticketh faſt within the Concavity of a Piece, that it cannot be driven home 
wnto the Powder, maybe ſhot out without burt to the Gunner, or to the Piece. 


When any Piece of Ordnance is charged with ſuch a ſhot that will not be driven home 
unto the Powder, then the Gunner to ſave his Piece from breaking, muſt ſo imbaſe the 
mouth thereof, that fair water for two or three days being put into the Touch-hole at ſe- 
veral times, may run intoa Veſſel ſet under the mouth of the Gun,to ſave all the Saltpeter 
that was in the Powder : And then let the Gunner clear the Touch-hole, and put in - 
as much Powder as poſlibly he can, and Prime, and give fire, and it will ſerve to drive 
out the ſhot. | 

But when a Shot hath lain long in a Piece, until it is grown ruſty, and ſoſticks faſt; 
put ſtrong Vinegar into the mouth of the Piece, and with the Rammer ſtrike the Shot 
until it doth move, then put in Vinegar until it run clear through the Powder and Shot, 
Prime as before, and give Fire with good Powder and if ic do not run through after 
it hath ſtood three days, clear the. Touch- hole, Prime, and pive fire. 


A Piece of Ordnance at the ſame Elevation, and towards the ſelf- ſame place, with the like 
px ity of Powder and Shot, diſcharged ſeveral times, what difference there is in their 
anger. "3 | 


There bath been a Piece diſcharged in the ſpace of an hour ſeven times, with the like 
quantity of Powder, Shot, and Mounture,, and their Rapges have been found as follow- 
'eth ; thefirſt Shot was conveyed 418 Paces, the ſecond 438, the-third 442, The fourth 
| 434» 
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434, the fifth 427, the ſixth 412, the ſeventh 3595, ſo that the greateſt difference from 
the firſt Shot was 24 Paces; this every Gunner muſt take notice of, if he intends to 
ſhoot well at Random; the reaſon of theſe things is this, rhe firſt Shot of Powder found, 
f thc £hamber of the Gun moiſt,and the Air quiet,the ſecond Shot, the Chamber was dried, 
B and the Gun in a good temper, and the Air moved towards the Mark with the firſt Bul- 
let, and having leſs reſiſtance than the firſt, went beyond, and made the beſt Shot ; and 
SA evcry Shot after come ſhorter and ſhorter, as the Gun grows hotter and hotter ; the 
reaſon is, by how much hotter the Piece is, by ſo much the more attrattive is the cavity 
of the Piece made 3 and becaaſe the Shot js driven forth or expelled with no other 
thing, than by the Airs exaltation, or Wind, cauſed by the Salt-peter, therefore the 
oftner the Piece is red, and the more hot, the more attractive ſhe is, which ſucketh and 
retaineth continually more of that Wind, which ſhould ſerve to expel the Bullet ; and 
| therefore the virtue expullive in that Piece, doth more and more decreaſe, and the Shot 
fyeth not with that ſwifrneſs as it did before in the two firſt Shots, which dried and 
| brought the Gun into his beſt temper 3 but the third and fourth Shot is bur little difference 
from the firſt, but the reſt differ every Shot. 

Nicolas T aztaglia doth report, that many Shots being made at a Battery by a Piece, it 
clanced by'ſothe occaſion, the Piece roſe up in ſuch fort, that it touched the ground 4 
with its Mnzzle, a little Dog running by, did ſmell into the Mouth of the Piece, and af- 4 
ter a little time was drawn almoſt to the further end of the concavity : They pulled him 
cut almoſt dead ; this was done by the attraction of the Piece. | 


How to Weigh Ships ſunk, or Ordnance under Water : Or to know what empty Cask mill 
Carry any ſort of Ordnance over a River. 


NES 


- 


LIND ; 


* Nicolas Tartaglia hath well collefted from the Learned Archimedes, and hath calculated 
2 the Proportion of Stone, and other Metals, what they will weigh in the Water, and 
8 in the Air. | 

All Men.kdow by reaſon, that whatſoever is heavier than ſo much Water, as the Bo- 
dy of the Metal thruſteth out of the place, or Veſſel, will fink; and being lighter than 
ſo much Water, will ſwim. 

T artagl3a ſaith, that ordinary Free Stone weighing 93 pound ia the Air, will weigh but 
| 48 in the Water, which is near as 2 is to 1, between.the Free Stone and the Water. And 
that Marble Stope that weiged 71. in the Air, will weigh but 5 1. in the Water, which is 
near as 7 to 2, between the Marble and the Water. 

And Iron and Tin, that in the Air, weighed 191. will weigh 161, in the Water; ſoit is 
19D 3 | : 

Braſs weighing in the Air 65 0. will in the Water weigh 55 7. and fo Braſs is to Watet 
as 65 tO 55. 

And Lead weighing in the Air 3o 1. will weigh in the Water but 277. ſo Lead is to 
Water as 3o to 27. | % 

And laſtly, Gold in the Air being 17 /. in the Water it Briſtol, Sept. 1.2. 1667. by 
will weigh but 16 1 ſo Gold is to Water, as 17 to 1. He experience of a Spaniſh Ship call- 6 
alſo layeth down Rules to raiſe Ships, or Guns, or any edthe Victory of Majork, ſuxk, : 
thing elſe in the Water, tbart hath not lain too long, and 5n Kingrode at the Pill ; her © 
| docked it ſelf in Ouze: For if the thing ſunk be upon Burthen about 300 Tuns; we 
Sands or Rocks, it will weigh the better. He defcribes werghed her with 4 empty Ligh- 


Veſſels loaden, to be brought to the place where the thing 

ſunk, and a Globe of Glaſs put in a Frame of Wood,and 

a place in the bottom of the Glaſs to put in ones head in- 

to the concave, he may both ſee and breath, and by a 

Windleſs Rope, and weight to fink it, he may firſt ler 
down the weight, and after heave himſelf down in that 
Frame, (it is in the form of an Hour-glaſs) to the bottom, 
and ſo ſling the Ship, and Guns, and when he will come 
uÞ to the top again, unwind the Rope, and the Frame will 
be guided upright, and he and it will come to the top of 
the Water very ſafe, and faſten this Rope brought from 
the Ships to-logden Vellels, -and then unload to the Vel- 
cls, and they will buoy up the Ship ſunk, or any other 
thing from the ground. Ins, 


ters, of 30 Tuns apiece, - by 
laſhing the Lighters at low Wa- 
ter, Head and Stern; and at 
High-Water we heav'd the Ship 
on ſhore by a Grapple, the Ship 
aid riſe as the Water did flow ; 
and the Low-Water or two after- 
ward, the Ship was free, and 
ſwam , the Ship and Water was 
eſtimated to weigh 1009 Turs, 
that the four Lighters weighed ; 
[be had no Goods in, but turned 
over as ſhe was upon the Carein, 
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much, 


Or it may be done thus by a Float-Stage, and Capſton, with a Trunk of Leather made 
ſo thick that no Water cancome in, and with a pair of Glaſs Eyes faſtened that no Wa. 
rer can gothrough, fitted to the Caſe of Leather within, and two Bladders blown at the 


wry f rim or top of the Water, made faſt to the Pipe of Leather ro buoy the Mouth of, the 
ipsts 

re th . 4 
og ps then hale him up after a fit time, and by your Vellels, as before, and Float-Stage, heayg 


an fows and buoy vp the thing ſunk. 


Pipe, while the Man goes down with Ropes fit to ſling, and make them faſt ar liberty , 


Know this, that five Tun of Cask will ſwim a Canon of 8 or 9000 weight, 4 Tun x 
Demi-Canon, 3 Tun a Culyerin, and 2 Tun a Saker, with all things belonging thereun- 
to, as Planks and Ropes. 


How many Horſes, Oxen, or Men will ſerve to draw a Piece of Qranance. 


For every hundred weight of Metal, one Man; fo aPicce of 8009 pound weight re. 
vires 80 Men, and as many more Men as the Carriage may weigh; tor every 500 weight 
of Metal, one Horſe, then 16 Horſes will draw a Gun of 8000 weight ; but in the Win- 
ter 243 alſo 17 Yokeof Oxen is thought ſufficient to draw a Piece of 80c0 weight, 
but in the Winter they had need to be one third part more. 


| Artificial FIREWORKS 


CHAP. XI. 


A Deſcription of the Mortar-Piece, and how to make one of Wood, and Paſt- board ( far 4 
need,) Braſs and Iron ones being wanting. | 


He ſame Metal that makes the beſt ſort of Braſs Ordnance, they make Mortar- 
Pieces with, and by theſe Meaſures ; if the Diameter or Bore be 9g Inches, let the 
Mortar be one Foot and a half in length, and let the Chamber, in which you load your 
Powder, be three Inches Diameter, and four and a half deep; the thickeſt of the Metal 
above the Touch-hole three Inches, and the upper part thereof an Inch and a half, 
To make the Mortar-Piece of Wood and Paſt-board. 

Provide a Wooden-Rovuler of ſuch bigneſs as you defire to make the Diameter of the 
Mortar, then greaſe your Rouler well,that the ſtuif may flip off that is pur abour it, which 
is Paſt-board and Canvas, ad very well plied with hot Glue 3 and after 16 ir dry a little 
while on the Rouler, and another while off from the Rouler ; and when this kind of 
Trunk is very dry, put it on the Royler, and ſet it in a Lathe, and cur off both ends of 
the Trunk with a Chizel very even, then turn a Foot thereto with a ſhoulder to put the 
Trunk upon, and inthe middle thereof make the Chamber for your Powder ; if the 
Piece be 8 Inches in the Mouth, let the thickneſs of the Paſt-board Truok be 2 Inches 
thick, and 18 Inches long, the Britch or Foot 10, the Shoulder 2 Inches long, and 2 high, 
that when the Trunk is put on this Shoulder, and joyned with the Wood, it may be juſt 
even with the ſame ; the Bore into which you put your Powder,muſt be two Inches high, 
and three deep, Plated with Copper, Lattin, (if it be poſlible) as alſo all the reſt of the 
Wood that goeth into the Trunk 3 when you have put the Trunk into the Britch of the 
Wood, nail it round about the Shoulder, making holes for the Nails, and then driving 
in the Nails upon that Wood, that you made to receive the Paſt-boardsor Trunk ; then 
cover both Wood and Trunk with good Belch-Cord and Glue again, and let itbe well 
ried, it will laſta long time ; and with ſuch you may ſhoot Ballonns into the Air for 
Recreation. 


How to fit and prepare Granadoes for the Mortar- Piece. 


The Shot of Great Mortar-Pieces are moſt commonly one tenth part lower than the 
Bore, becauſe of Cording them, to ſling into the Mouth of the Piece 3 and for fear of 
ſecret Cracks, which cannot be eaſiy eſpied, they are coated with Pitch, ſo that being 
fitted and prepared, they do but juſt fit the Bore. 

| How to make Fuſes, 

Every Granado Shell hath a hole left to put in a Fuſe, or piece of wood Juſt like a Fau- 
cet, this hole mult be juſt one quarter of the Diameter of the wooden Fuſe, which Sr 
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moſt be in length three quarters of the height of the Granado ; make it taper, and then 
kj it with Compoſition, and drive it gently into the Powder that is in the Shell, leaving a 
little of ic without: The Compoſition of this Fuſe is made thus ; take one pound of 
* & Powder, four ounces of Salt-peter, and one of Deimſtone, firſt beaten to Powder, and 


fred in a Sieve ſeverally, theſe Ingredients being mixt together, your Compoſition is fit 
for ule. 


Chap. XII. 


OO 


How to make Granadoes of Canvas for the Mortar, 


The operation of theſe Granadoes made of Canvas is quite contrary to theſe already 
ſet down : Theſe are only fit tofirea Town, they are not of ſo violent execution as the 
precedent, yet altogether as coſtly in the making ;; for the making of them, fit a Piece of 
Canvas upon a round Ball of Wood or Form, 1o big as you would have your Granado, 
then take this Compoſion following 3 four pound of Salt-peter, two pound of Gun-pow- 
der duſt, and two pound of Brimſtone ; all theſe incorporated, and moiſtened with Oil 
of Salt-peter 3 fill your Caſe with this Compound, and cover it with Cords, and pierce 
the Sack full of holes, and in every hole put an Iron Barrel, charged like a Piſtol ; theſe 
mutt be driven into the Sack unto the head, then let there be a hole about an Inch deep, 
which ſhall ſerve to prime it with Powder-duſt, moiſtened with Oyl of Petrol; be ſure 
your Barrels have great Touch-holes, that the Ruſt through time may not choak them, 
and they will be ready for ſervice many years. 


How Granadoes are tobe charged in a Mortar, and fired. 


You muſt take great care in the loading or charging the Mortar, thus ; firſt, weigh 
the Powder toa Drachm that you put into the Chamber, aad after ir put a good cloſe 
Wad of Hay,or a Tampion of Wood, then cut a Turf off the ground that may juſt fill the 
botrom of the hole or bore of the Mortar next the Wad ; your Granado being prepared, 
with a coat of Pitch and Cord, as before taught, ſling it into the Mouth of the Mortar ; 
oblerve to have the Fuſe of the Granado in the middle of the bore,then go to the Britch, 
thruſt up a Wire in the Touch-hole to make ſure, then prime with the beſt dry Powder 
you have ; for this is a tickliſh ſort of ſhooting ; without care, your Life,and Mprtar- 
Piece is now at ſtake z but we will give you very ſure DireCtions how to pive Fire. 

Provide ſmall Fuſes, ſuch as we taughr you to make before for Shells, but lefs, about 
2 quarter of an Inch bore, three quarters of an Inch thickneſs, and eight Inches long, 
fill theſe with good Powder-duſt, moiſten it with Oyl of Peter but a little, and put itin 
with an Iron Rammer, try whether you like the time they continue burniog ; if roo ſlow, 
abate Oyl of Peter; if too faſt, add more to it. ; 

Thus being prepared, the uſe is, (vz.) thruſt the Pick of your Linſtock in at one end 
of the Fuſe you mean to give Fire withal, bid one of your Afliſtants come to one ſide 
of the Mouth of the Piece, and give Fire to your Fuſe, wherewith Fire the Fuſe in the 
Mortar, and then with great ſpeed give Fire to the Touch-hole ; theſe Fuſesare very cer- 
fain to give Fire z but Match doth ofr-times fail. 


How to make Hand-Gratiadaes. 


There is good uſe made of Hand-Granadoes in Aſſaults, and Boarding of Ships, and The Shelis 
there be two ſorts of them made ; the firſt is ſhewed already, the ſecond 1s made by Sea- 4! made of 
Gunners vpon a Mould made with Twine, and covered over with Cartrage-Paper, and a 5 _ 
Muſquert Bullets cut in two, put with Paſte and bits of Paper thick on the out-fide ; after ,, Pajere ; 
you have doubled the Shells, Paſte on ſome at a time, and let it dry, and then ſome more 
until it is quite full; then dip it in ſcalding Rozin or Pitch, and hang it vp, and ir is for 
your uſe ; but you muſt have the innermoſt end of the Twine lefr out at the ſmall hole 
for the Fuſe 3 and before you Pitch it, you are to wind it out, and ſtop the hole, and 
then Pitch it. 7 

To load then, fill theſe ſmall Shells with Gun-Powder,then make a Fufe of one pound 
of Gun-Powder, ſix ounces of Salt-peter, and one of Charcoal; or if you will have 
them of leſs durance,you may take the Compoſition made for the Fuſes, before ſpoken of 
for great Granadoes, knock the Fuſe up to the head within ane quarter of an Inch, which 
is only to find it by inthe night ; ſtop well the reſt of the holes, if any Chinks are open 
with ſoft Wax ; then your firſt Shells muſt be coated with Pitch and Hurds, leſt it ſhoul 
break with the fall ; and be ſure when you have Fired the Fuſe, fuddenly to caſt 1 our 
of your hand, and it will do good execution. 
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Hem to make Fiery Arrows or Darts like Death Arrow- Heads. 


Make your Head of Iron ſharp and bearded, to ſlick faſt, and to it have an Arrow 
or long ſhaft of Wood, and about the middle of that Head make faſt a Linnen Bae in 
form of an Egg, leaving open at the end a hole, that it may be filled with the Compoj. 
mon following ; take one pound of Petcr, half a pound of Gun-powder, and as "on 
Brimſtone in Powder ; all theſe Ingredients being mixt well, ard mingled with Oyl cf 
Petriol ; with this fill the Bag round about the Arrow: head, then let all be bound about 
withWire3 and for Priming of theſe,dip Cotton week into Gun-powder wet with Water 
and well dried again before it is uſed, and let the Arrows or Shafts be ſo pnt into the 
Head, that when they be ſtnck in a Houſe oc Ship-ſide, or any where elſe,the Man which 
endeavours to pul] them out may be deceived, and pull only the Shaft, and leave the 
Head to burn the Houſe, or Ship, or Mens Cloaths, or any thing elſe; if you throw 
or ſhoot it well, it will fire whatſoever Combuſtible Stuft or Matter ſhall be near it, as 
S2ils, Timber, Pitch, Tarred places ; and this will much annoy Enemies in ſtorming a 
Work, or boarding a Ship. 

How to make Fire- Pots of Clay. 


Fire-Pots, and Balls to throw out of Mens Hands, or with a Baſcula, may be made of 
Potters-Clay, with Ears, to it hzng lighted Matches, and throwing them, if it lighteth 
on a hard thing, it breaks, and the Matches fire the Powder, and the half Bullets of 
Muſquerts contrived upon them as before, diſperſes, and doth much miſchief ; their mix- 
ture is of Powder, Peter, Sulphur, and Sal-armoniack of each one pound, and four 
ounces of Camphire pounded, and ſearced, and mixed well together with hot Pitch, 
Linſeed-Oyl, or Oyl of Pcter ; prove it firſt by burning ir, if it be too ſlow, add more 
Powder, and if itbe too quick, more Oyl, or Rozin, and then it is for your uſe. 


How to make Powder- Cheſts, 


You muſt make them with 2 Boards, to be nailed together, like the ridge of a Houſe, 
.and one lonper and broader tothe bottom thereof ; between the three Boards put a Car- 
trage, then make It up Iike a Sea-Cheſt, and fill it with Pibble-ſtones, Nails, Stubs of 
old tron 3 then nail the Cover on, and the end to the Decks in ſuch a place as you may 
fire the Powder underneath throngh a hole made to pur a Piſtol in. 


How to makg Artificial Fire-Works for Recreation. 


We ſhall not deſcribe the Moulds in particular, but refer you to Babington, Bates, 
Malthus, or Norton's Fire- Works ; but we will lay down ſuch Rules, as ſhall be as ſoon 
conceived without Figures, only a Rouler or Mould for to make the Paper upon, and 
that may ſerve for all the reſt, they being made in the ſame manner. 

To make good experienced Rockets our way, do thus ; get a Form or Rouler to be 


| turnediin a Lathe, what thickne you pleaſe, and intend to make your Rockets, and let 


his length be eight times the Diameter 3 if it be } of an Inch in thickneſs, the length 
will be 6 Inches, put ſo many Rolls of Paper on this Form, until it is half an Inch thicker, 
or make it + Inch the whole, then paſte the upper ſide to the. reſt ; then you muſt con- 
tract the Paper together an Inch from the Mouth, ths ; dip an Inch of the Caſe in Wa- 
ter, the Fotmor in him, and with Twine about + of an Inch from the end gather itin; 
but Jet a Former, or & thing near the bigneſs be put into his Mouth, while you draw 
it in with the Twine and choak it 3 you mult remember to leave a ſmall hole to put in a 
Wirethrouvghthe Compoſition-half way the Rocket, as big as a Bodkin; then take our 
the Formbr,and dry them, and they are for uſe at any time, the Figure following makes all 
plain; As the Mouth of. theRocket, B-fo far the Bodkin muſt be thruſt up the middle 3 


- you inuſt be provided witha ſmaller Bodkin, which when your Rocket is filled with the 


'Compaſition, and tied to the Rod, you mult thruſt this Wire Bodkin in at the Mouth, 


ſtrait up to the midſt of the Rocket, having a care not to thruſt it more upon one ſide 
than the other. 
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To make the Compoſition for Rockets of any ſize, 


The Reader may mak? uſe of theſe Rules, not upon truſt ont of Authors, but found 
by Practice and Experience 3 and firſt fos Rockets of one ounce ; you muſt uſ: only Canon- 
 pagder duſt, being beaten ina Mortar, and finely ſearſed ; this makes him rife very 
iwift, making a great noiſe, but carries no Tail. Theſe of more Opperations are made 
by putting one ounce of Charcole-duſt to eight ounces of Powder ;, this Compolition 
will hold for Rockets, one, two, and thres ounces; but for theſe ot four, take three 
ounces of Charcole-duſt to one pound of Canon-powder duſt continuing that Rale, unb 
til you come to Rockets of ten ounces z and alſo for Rockets of a pound, take one pound 
of Powder-duſt, and four ounces of Charcole-duſt, and theſe are big enough for any Re- 
creation or Delight. 

10 fill the Rockets with this Compoſition. | 

Hold the Mouth downwards where it was choaked, and with a Knife put in ſo much 
as you can of the Receipt provided for that fizeat one time, then with a Rammer fitted 
to the Caſe, and with a Mallet give three or four indifferent knocks, then put in more 
Compoſition until it be full, every time knocking the Rammer, as before, until the Com- 
poſition come within one Diameter of the top ; then put down a piece of Paſtehoard, 
and knock It in hard, prick three or four little holes therein ; then put fine PiſtoI-powder 
in almoſt to the top, and upon that another cap of Paper, upon which put a piece of 
Leather, that it may be tied on the top of the Rocket, and faſt glued on then pet a 
ſtraic Twig, and bind it upon the Rocket with good Twine; it mult be no heavier, than 
being put upon your Finger an Inch and a half from the Month of the ſame, that ir 
may juſt balance the Rocker, then it is prepared for uſe. 

To give fire to one or two Rockers, Set your Rockets Mouth upon the edge of any piece of 
Timber, thar ſtands fo high from the ground, that the Stick may ſtand perpendicular 
from it downwards, or upon a ſide of a Wall or Carriage-wheel, or any dry place what- 
ſoever.; then lay a train of Poder that may come under the Mouth thereof; eilve fire 
thereto, and you have done; bur to fire more Rockets than one, that as one deſcendeth, 
the other may aſfeend by degrees: Make this Compoſition following ; of Roch-Peter 3 
ounces, Quick-Brimſtone four qunces, and finz Powder-daſt two ounces, whiah lay in a 
line, from one Racket to another, they being placed ten Inches, or a Foot one from a- 
nother : give fire to this Compoſition, and-you have your deſire, if you did prick the 
Rocket with the Wire, as direfted; you {hall ſee how gallant one will mount the Air, 
when the other is ſpent. 


To make flying Serpents and Rockets that will run upon a Line, andreturn again. 


For this you muſt provide a fmall Rowling-Pin about one quarter of an Inch in thick- 
neſs; upon which roul ſeven or eight thickneſs of Paper ; fill them four Inches wich 
Powder-duſt, ſometimes putting between the filling a little of theCompoſition for Rockets 
of ten Onnces, 'and at the end of four Inches choak him 3 fill ewo Inches more with 
Piſtol-Powder, then choak the end up, and at the other end putin a lictle of the mixture 
for Stars, which follows, and choak between them and the Compoſition, and it is fit for 
uſe ; but divers of thoſe with the Starry end downwards upon the head of a Rocket and 
Powder-train toblow them out, when the Rocker is ſpent, they will firſt appear like ſo 
many'Stars >» when the Stars are ſpent,taking hold of thePowder-duſt,they will run rigling 
to and fro like Serpents, akhid when that Compoſition is ſpent, they will end with every 
one areport, which will give great content to the beholder. 

{ did omit to ſpeak of Runners in its proper place, for that is the Compoſi- 
tion, which you muſt make them of, very carefully, whether they be double or 
lingle, or thoſe that carry Dragons, Men, or Ships, or . other Shapes in motion, leſt 
they ſhame their Maſter.z the Line muſt therefore be fine, even, and ftrong, and being 
rubbed over with ſoft Sope to make ir ſlippery, and not eably to take fire + Thoſe thas 
turn W heels, may have a further addition of Roch-Peter in their Receipts to add pleaſure 
and life to the beholders ; You muſt have a piece of Cane as long as the Rocket, and 
bind to the Rockets,and ſo that ones Head may be to the others Veat, that when one hath 
carried the Cane on the Line to the end thereof, the other may fire, and bring him back 
again to the Tower or place where it was fired : theſe Figuresare made with ſtrong Paper 
or Parchmeat, and with Lattin, and Wire, and Twine, until they be brought. into theſe 
Shapes, and then painted like Ships, or Dragons, or like the thing it carries with yn ; 
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How to make Fire.Wheels, or as ſome call them Girondles, 


Firſt be provided with Spinning-Wheels, or the like, 'made eafieto run round upon 
its Axis, Horizontal, or Vertically ; and put Flages on the top of the middle, to ſet our 
the wheel; bind Rockets to the wheel, and Crackers betwixt each Rocket, with the 
Mouth of one towards the Tail of the other ; thus continued, until you have fitted the 
Whzcl quite round ; which done, cover them with Paper paſted over, and coloured 
handſomly to ſet it out, that onetaking fire, they may not fire all, and daub Soap upon 
them quite round, leaving the mouth of one of them open, to give fire thereto ; the firſt 
Rocket being burned will ſet fire to the reſt one after another, keeping the Wheel in a 
continunal motion, until they be all ſpent z you may bind Fire-Lances to theſe Wheels, 
either upright, or near over athwart, which will mike to appear diverſity of Fire-Circles ; 
you mult take care to place your Wheels called Girondles at convenient diſtance from 
other Flre- Works, lelt they ſhould make a confuſion, and ſpoil all the Work. 


How to make divers Compoſitions for Stars. 


For Stars of a blue colour mixed with red, the Compoſition is of Powder.mealed eight 
Ounces, Salt-Peter four, Qyick Brimſtone twelve Ounces, meal all theſe very fine, and 
mix them together with two Ounces of Aqua Yite, and half an Ounce of Oyl of Spike ; 
which let it be very dry before you uſe ir. 

Another Compoſition which will make white and Beautiful Fire z take Powder elht, 
Salc Peter 24, quick Brimſton two, Camphire one Ounce, meal theſe ingredients, and 
incorporate them ; meal the Camphire with dipping your Piſtle into a little Oy] of Al- 
monds, and it will meal preſently, and keep ic cloſe from the Air, or elſe it will become 
of no ule. 

Another White Fire which laſteth long ; take Powder four, Salt-Peter fxteen, Brim- 
ſtone cight, Camphire one, Oyl of Peter two Ounces, meal theſe that are to be mealed; 
and mix them according to the former dereQions. 


How to make and uſe the Stars. 


Take little ſquare pieces of Brown Paper, which fill with either of the foreſaid Com- 
poſitions which you like beſt, fold it down, rowling it till you make it round, about the 
bigneſs of a Nut or bigger, according to the ſize of your Rocket that you intend them 
for, Prime them with drawing through them Cotton-Week, and they are prepared to 
make faſt to the Wheels : You may alſo make them thus ; you muſt? have a Rowler which 
mult be as big as an ordinary Arrow, which ſhall be to rowl a length of Paper abort, 
and paſte it round, anddry it well, fill it with a Thimble, and thruſt ic down with a 
Roler, and then cut it in ſhort Pieces about half an Inch long ; then you muſt have in 
readineſs either hot Glue, or Size mingled with red Lead, dip therein one end of your 
ſhort Pieces, leſt they take fire at both ends together ; beſides, it will not ſo eaſily blow 
out; theſe being thus done, ſet them to dry until you uſe them; in the top of the 
Rocket, whereas before you were to fill it with Piſtol-Powder ; now you muſt 
put but a very little, and that is to blow the Stars out, which muſt ſtand in the room of 
the Powder, and on the top of that another Tire with ſtrewing a little Powder and 
Duſt 3 and in like manner another, to a third or fourth, putting a little ſmall corned 
Powder between 'them,. until you come unto the top of the Rocket-Caſe, there put a 
Paper-over the Head of it, and tie it cloſe about the top, that none of the Powder come 
from betweeu the Stars ; the Cotton- Week is ſuch as the Chandlers: uſe doubled fix or 
"SEN ſeven times; dipped in Salt-Peter Water, or Aqua Vie, wherein ſome Camphire hath 
WE ot been-diſfolved ; or for want of either, in fair Water, cut it in divers pieces, rowled in 

6d - - Mfiedled Powder dried in theSun, and it is done. 
| A, - "4&4. How to repreſent divers ſorts of Figures in the Air with Rockets, 
I ogS _Whicn you have divers Rockets to make for a great Fire-Work, let one be with a Re- 
"= # Port, another with Stars, another with Golden Hair or Rain, one with Silver Hair or 
bf: 


Gains -which it ſeems to be when you are right under it; and upon the Head of another 
ocket place the. Serpents, and they will make moſt delightful Sport. 


How to make Silver and Golden Rain, and how to uſe them. 


- * You muſt provide ſtore 'of Gooſe-Quills, which you muſt cut off ſo far as they are 
hollow 3 the Compition' to fill them is? two Ounces of Coal-duſt, and one Pound of 
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Chap. II.  Fortification. 

Powder well mixed ; having filled many of theſe Quill: you ſhall lace th 

place 2s I told you to put the Powder and Stars, pucring a little biſtol-Powder vs be 

them out, as you did the Stars, and fill the top of the Caſe as full of them as You can 
3 


with the open end downwards ; ſo ſoon as the Rocket is ſpent, there will appear a 


Golden Shower, or Rain ; or with the Compoſition fot White-$ ; 
willtnake a Shower of Silver Rain. , INTO flled in rhe Quills, 


Flow to make Firt-Lance). 


Make them thus ;, firſt, you muſt make Cartrages, or Caſes juſt like 
Rockets, only thoſe for a need may be made with Paſtboard, and led, as En feng Sar 
ed round, but the former 1s better ; let them be filled with the dry Compolition for Stars 
frime them with wet Gun-Powder, the lower end of the Caſe is ſtopped with a Piece of 
Wood, to the end they may be nailed and ſtirred when and where they ſhall be uſed, 
the mw being abour three Fingers breadth out of the Caſe or Cartrage, or as long as 
you WU. | 


*The manney how to make Balloont for the Mertar- Piece. 


You muſt have a Formor or Rouler twice the length of the Diameter, and ofthe big- 
neſs, as you will have the inſide of your Balloon, and upon the former put ſo many Paſt- 
boards as you ſhall think ſufficient for ſtrength, then paſte or glue them well together 
and choak him at the end with a ſtring, leaving a' ſmall hole for a Port-fire which 
muſt be made juſt like Rocket, but no holes in it as the Rocket bath, and of ſuch length 
35is fit : Now to fill the Balloons, place all your Serpents within it together with Stars, 
Rockets, and Crackers, leave very little room within ths Caſe, or Cartrage ; and being 
filed, put in as much Powder-duſt as you can, that it may run every where through 
the Chinks between the Serpents, Rockets, and Stars, that they may all fire, and that the 
ſaid Powder-duſt may break the Balloon 3 theſe things thas done, choak up the other end 
cloſe, and charge it In the Mortar, as we have taught you to do the Canyvas-Granado ; 
you may ſhoot it when you pleaſe, and you will make moſt excellent delight to the 
Spectators, and credit to your ſelf. 


A moſt precious Unguent for any Burning. 


Divers men in the pratice of Fire-Works one time or other chance tobe butned, or 
blown in the Face by Powder ; here you have Mr. Malthns's* Salves, which was knowa 
by often Experience to be very good, and will fully cure you. 


Tu $S$SALVES: 


Take freſh Greaſe, or Lard, as much as you pleaſe, and boyl, and take off the Scum, 
until there ariſe no more Scum 3 then ſet the Lard three or four nights abroad, after 
which it muſt be Waſhed in running Water to take away the Saltiſh nature, and to make 
it White 3 then melt it for your uſe, | 

Or the White of an Egg, and freſh Butter being mingled together, and well beaten - 
into an Qyntment,. is excellent good. . 

Another moſt excellent. Take a Stone of Quick Lime, and let it be diſſolved in clear 
Water, and when the water is ſettled, pour it qut gently from the Lime through a Linnen 
cloth, then put as much Sallet-Oyl as you have Water together, and beat it all to an Oyl ; 
you may keep it for ſiich uſes, and you have a moſt Sovereign Cure for all manner of 
Burnings. SiS 4 : 
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A Compendium of Fortification. 


PD I will deſcribe part.of a Tetragon or ſquare Fort, and explain the Names of * 
the Sides and Angles thereof, as in the Figure follewing. 


)* - - | O9od | N ami 


A 


o 
. 


Names of the Sides of a Fort. 
A B the Ontward ſide of the Polygon, and D E the Inward ſide. 


C A the Semidiameter of the Outward Polygon, and CD the Inward. 

IHAGF the Bulwark or Baſtion. 

AG, or A H, the Front or Face of the Baſtion — —— a—_— Zo Ft 
AD the Capital or Head Line. 

D1, or DF, the Gorge Line. 

IH, or FG the Flank, and F M the ſecond Flank. 

DG the Eſpaule, or Shovlder. 

F K the Curtain = 


. ———_—_——————_——— Be? 
AK the longeſt Line of Defence——.— 
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| —_—— Ft. 
A L the ſhorteſt Line of Defence. 


Names of the Angles. 


N AB the Angle of the Polygon, and N AC the half Angle: 
HAG the Flanked Angle of the Bulwark. 
AGF the Angle of the Shoulder. 


F DG the Angle forming the Flank, commonly 40 Degrees: 
GA © the inward Flanking Angle. 


APB the outward Flanking Angle, and A P © half the ſame. 


Note, That the Baſtion or Flanked Angle H A G muſt never beleſs than 60 Degrees, 
neither above go Degrees ;z but as near as you can to an Angle of go Degrees : So that 
it may be defended from the Flank and Curtain on either ſide. 

The longeſt Line of Defence K A not to be above 12 ſcore Yards, that is, 720 Foot, 
being within Musket-ſhot, and the breadth of the Rampier to reſiſt the Battery 100 Foot. 


Ts deſeribe a Fort of five Bulwarks, or any other 3, ſo that the Baſtion, or Flanked Angle of 8 
Baſtions or Bulwarks exceed not go Degrees, by the Line of Chords. 


Firſt, draw an obſcure Line, as A B; and upon A, asa Center, with the Chord of 50 
deg. deſcribe an Arch as CDE ; and from Clay down half the Polygon Angle (which 
inthe able quarts. the Figure you ſhall find tobe) 54 deg.as CD alſo the ſame 
again fromD toE an 


draw the Line A E. Now divide the half Polygon Arches C D and 
DE each into three equal parts, as in F H IG, and fromtwo of thoſe parts from D, as 


F and G, draw Lines unto the Baſtion Point at A. Then take any convenient diſtance 
and lay the ſame on theſe Lines from A uuto K and L, which ſhall make the Front or 
Face of the Bulwark. Next, from the ſhoulder at K let fall a perpendicular to A B, ® 


K M3 and on the Center at K deſcribe an Arch of 60 deg. from M toward N, and from 


M lay 
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M lay down on the ſame Arch 50 deg. or more exatt 49 deg. 24 min- and ſo draw K N, 
which will cut the Semidiameter of the Polygon ia the Point O ; ſo ſhall A O be the Ca- 
pital Line of the Baſtion. Then from 'O draw a Line parallel to A B, a3O P ; fo ſhall 
you have O R for the Gorge Line, and R K the Flank. Now for the Curtain, take half 
the Front A K, as AT, and lay it down three times from R toward P, which will fall 
itrS, ſois RStheCurtain. Then on the Point at $ erect a Perpendicular, S V, equal to 
R K, which ſhall be the Flank of another Baſtionz and ſo the Front K A being laid from 
_ cut the firſt Line A B in Bz ſodrawing V B, you have the Front of the Game 
Baſtion. 

Laſtly, Divide A Bin the Middle, as in W and from W raiſe a Perpendicular to A B, 
which will cut the Semidiameter of the Polygon in the Point D; ſo is D the Center of 
the Polygon, And with the ſame Simidiameter D A you mult deſcribe a Circle, of the 
which A B is the 3 part, which diſtance will reach from B unto X, and from X unto Y, 
and fo to Z, and foto your firſt Point at A, where you begun your Wark, 

For the other Baſtions, they may be eaſily tranſported from the firſt Baſtion. And 
note, That if your Fort exceed 8 Bulwarks, you maſt add 15 deg. to half the Polygon 
Angle, ſo have you the Baſtion Angle, and then work as before. But fn the Forts that 
exceed not 8 Bulwarks, where the Baſtion Angle will not be above go 4. you mult take 
the 4 Part of the Angleof the Polygon. 

The longeſt Line of Defence is from A unto Q, and ſhould not exceed 720 Foot (becauſe 
of being within Musket-ſhot ) the Curtain RS aboat 420 Foot, and the Front AK 280 
Foot : And for the Flank R K, and GorgeR O, their proportion commonly is as 6 to 7 : 
But the Angle KOR forming the Flank is ab2at 45 gr. by which the Proportion is near 
23 5to6. 
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The * Baiſton Angle is here found by ta- 2 Dodecag.j 7 


oo wc ww 


king the ? of the + Polygon Angle : The ! baſtion Angle is here found by ad- 
So Lhe B3ſtioin Angle will be an Augle ding 15 4. to; the Polygon Angle, and 
of 9” dep. in the Otagon. And no take the { thereof : So the Baſtion 
more mul the Baſtion Angie be in any Angle will be an Angle of go Deg. in 
Polygon. a Dodecagon. 


Of the Works tha: are in or about Forts of moſt Import ance. 


A B the Breadth or Walk on the Rampire — ——————. 
B C the Breadth of the Parapet of the Rampire, with the Fauſſebray, 
a :d Parapet thzreof, each 20 Foot; in all— — -- [ 60 


DE the Breadth of the Moat, Ditch, or Trench——-——— 20 
E F the Covert-way of the Counterſcarp —— —— —— ——— 20 
F G the Argin or Parapet thereof, being . 5© or 60 


H the R1velines 3 1 the Half-Moons, with their Parapets- —20 


— 


"There may be ſometimes an occaſion in Forts to raiſe 
or Batteries, to command all the other Works, 
may be raiſed upan the Baſtions, if 
Ocherwile let them be raiſed on the 
my have room left for the Walk. 


: Mounts, Cavaliers, Platforms, 
and to view the Country about ; which 
you have room withal to make uſe of the Flanks : 
Curtains, a little within the Rampire, ſo that you 


Ts 
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Ta draw the Platform of a Fort, beginning with the C apital (or Head, Line, and alſo to draw 
| the Horn-Works. 


—_— « 


3 the Fort be an Hexegon,that is, of ſix Baſtions or Bulwarks; Firſt, draw the line 
x AB, and upon A deſcribe an Arch of a Circle, as BD C, whereon lay down half 
. thePolygon-Angle, which in the former Table you ſhall find to be 60 deg. as from B unto 
-D, and thencetoC ; anddraw ACand A D, now the - part of the half Polygon- An- 
—gleis BGandCF, then draw the obſcure Line A F, and AG. Next you ſhall make 
+: choice of the Capital Line, of any ſufficientlength, which let be A E 3 and from E draw 
aLine parallel to A B, as E H, continued ; and upon the Point E, as a Center, deſcribe 
KI, making it an Angle of 40 deg. as K El; ſo ſhall E I cut out the Front inL, as AL : 
+2 So from L let fall the Perpindicular L M, which ſhall be Flank ;, and M N the Curtain 
=» ſhall be as formerly the whole length ofche Front, and a half more. For the reſt of the 
2 Work, you muſt proceed as formerly. | 
3 For the Horn-Works, You muſt continue the Flankers M L and N Ounfo PandQ 
2 then take the longeſt Line of Defence A N, and lay it thereon from the Shoulders at L : 
3andO, untoP and Q; drawing the Line P Q: diyiding it into three equal parts; and 
3 from thoſe parts 1 and 2, draw Parallels unto PL and QO: alfo from thoſe Points P” 
2 and Q draw Parallels to the Fronts A L and B O, thoſe will cut the former Parallels in R, 


235, T, and V, which Interſe&tions will limit the Fronts, 'Flanks, and Curtains, as you 
7 may eaſily perceive ; unto which you muſt make the Rampire, Parapet, &s: as in'the 
& former Works. | 22 1 


Now tollow two Tables; the one for. 12 Baſtions, and the other for Forts of 8 Baſti- 
Ons ; whereby you may trace out any Fort by help of a Line of Equal Parts, which 


ſhall divide the Side of the Quter Polygon into 10000 parts, : 
| Ppp The 


The Firſt Table for 12 Sides. 


Al 


en ont 
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Number of Sides| 4 | 5 6 | 7 | 8 9 II | 12 


CP ———— 


ow Hh cog 1900910991098 Il 0000] 10GOO] I COOOJT 10000] 100090 


The Capital Line| 2429] 2592 4 2926| 3086| 3136| 3148) 3180] 3204 
The Gorge 1098) 1264} 1378) 1470] 1538] 1640] 1722] 1792] 1842 
The Front . "I 2952] 2996] 3014] 3024! 3054] 3070; 3082] 30g 
The Flank _. | 970) 1128] 12461 1360] 1516| 1526] 1536] 1542} 1546 


"The Second Table for 8 Sider, whoſe Baſtion Angle then ſhall make 99 Degrees. 


planter of Si 4 5 | 6 | 7 | $ 


Side of 
Outer Polygon 
C , Y BEE 2602| 2695] 2778 


ro00o1o00ſ _ 1009 0000 | 


| he Gorge 1120} 1327] 1480] 1599] 1698 
- [TheFromt | - & 2914] 2939| 2959| 2975! 2987 
- HThe Fin - 940| trrzf 1242] 1342] 1422 

% 0; The Uſe of theſe Tables. 


| Fetit be required to draw the proportional Dimenſion of a Regular Fort of ſix Sides: 
As for Exampl thie former Figure, whoſe Side A B muſt be divided into roo equal parts 
And each part ſuppoſed to be ſub-divided into ten parts : So have you 1000 parts, which 
ſhall ſuffice. // Now proceeding according to former DireQtions, until you come to make 
choice of your Capital Line, you ſhall here find in the Second Table, which is beſt for 
the purpeſe, 'under the Figure 6, and right againſt the word Capital in the firſt Column, 
A692, but 260 will ſerye : Take the ſame from the ſcale of equal parts, and lay it from 
- - the Baſtion Point at A, and it falls in the Point E, which will be the Center of the Baſtion. 
From thence you may lay down the Gorge Line out of the Table, which is 148, unto 
'M*: $0 wittthe Prone AL be 296, and the Flank ME. The Curtain being once and a 
half the length of the Front, will be M N 444- Thus you may do for any of the reſt. 
Theſe Tables are uſeful for Irregular Forts ; burfirſt I will ſhew you the Height,Breadth, 
and Scarpingsof the Rampire, m—_ Ditch, &'c. of the Sconces, as they are repre- 
ſeated in the Profile, or Setion, as followeth | 


ay 6 


pn” CCI ns 


The Height of the Ratnpire CD———_ 
The Breadth of the Walk of theRampire D E————_—_—_ 


(Fe Prov of the Bank or Foot-pace of the rn 
and the of the ſays Foot pace- - —_— PTE 


Be Breadth of the Rawpic nay be 243 30, or 40 Foot but here A Bis Tt 


————— 


9 IR 


The laward Scatp of the Parapey F Gam nt 


ms, | 


- — 
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The Inward Height of the Parapet G H——- ———— Cc 
The Breadth of the Parapet at the Foot F 1 rr  n—— ——— ———— 
Tbe Outward Scarp of the Rampire B Rem mmm mn mr mm mmm} 


The Inward Scarp of the Paraper [L—————— = 


> mmm — 
The Oatward Height of the Parapet L M——- TE — 
ÞFhe Thickneſs of the Parapet at the top MN— TT CLP eY 
The Brim of the Ditch B (Denis mnnnneg nnnmnnt mnrmnniis mn nice nn — — — 3 
The Breadth of the Dirth at the Top O P — — 
The Scarp of the Ditch O Q————- Wrmm_—_ — | 6 
The Breadth of the Ditch at the botrcom R Sn —_— _ —_ 
The Profile or Seftion of a Fort with a F auſſe- Bray and Counter ſcarp > alſo Subtrenched. 
"  EEASCen neue es RANG RIES - : þ 
vo RET 3 | 25 _— 
: E3 3H c ATT MY 8 


A: 


C Dis the Fauſſebray, and D M his Parapet: E F G His the Subtgench, and 1 K the 
Covert-way. Laſtly, KL is the Argin or Parapet of the Counterſcary. Note, That. 
the Height of the Rampire A Bought to be raiſed 15 or 18 jevt above the Terra Flana,, 
although here it is but 17 fooc, which is ſomewhat too loaw'to cammand the Trench or 
Ditch : But if the. Trench be made broader, thenit wifi command the dottom thereof. 


Of rregalar Fortification, - © 


In the ſeventh Figure following fet' A B C DE be an-Trregylar Fort, containing 5 
Baſtions, or Bulwarks. Firſt, we will make a Baſtion qur the Angle at A,which do thas : 
Divide the Polygon Angle in half with the Line AF, anddraw the Baſtion-Angle as for- 
merly, being 4 of the Polygon-Angle as AH, and Alcontinued, being the Sides whereon 
the Fronts mult be laid down. | | Fg 

Now upon ſome ſpare Paper you ſhall make the half Polygon-Angle'G AF, as you may 
ſee underneath this Figure, as L K M : Then make choice of the Capital Liſs as before : 
let it be of any convenient lengrh( larger than you think your Baſtion will be'iu the Fi- 
gure) as underneath K N, and from N the Center of the Gorge draw a Parallel to-K FL 
continued to O, asN P ; and fo proceeding as before, you ſhall find th&Point of the 
cond Baſtion at O : So have you the Proportion of your Baſtions, herety you'may gain 
thoſe in the Figure- | Ss | 

Now to reduce it from the Baſtion Point at A, you muſt take A R theGarteft fide and 
lay it from OuntoQ, and from Q draw a Line parallel to the CapitalLing & N qpnti- 
nued, asQR. Laltly, drawinga Line from N to O, ir ſhall cut QR in'theÞging S ; 
ſo is Q'S the Length of the Capital Line ſought for, which muſt, þe laid dawn an the 
Figure from A unto T ſo is T the Center of the Gorge. Then for,-the, ,Kzanc eake/K V, 
and lay it on the Capital Line from K to W ; fo a Ruler being ki from W to O, i ſhalff 
cut the Line Q R inthe Point at X; ſo is QX the length of the Front, tobe laid down 
in the Figure from A unto Hand I. Thus ſhall you finiſh your Baſtion, when you have 
let fall your Flanks perpendicular on the ends of your Curtains, as you ſge. The like 
Method you are to obſerve for the other Baſtions:. ,” , . | 

And when you bave finiſhed your Fort, you ruſt obſerve whether your Curtain Lines 
(that is, from the Centers of the Gorge) be parallel ro'the outward Sides A B, &c. which 
if they are not, you mult correct them; and by your Judgment, by help of che Lines of 
Defence, you may, as you ſee occaſion widen the Necks of the Gorges, and alſo rhe Baſti- 
on Angles 3 but not above go Degrees : And ſo let the Flankers be as near, propartional 
as may be, which commonly the Gorge Line to the Flank bears'propoytion as 7 to 6. 

Much more could | write of Irregular Fortification : But my puppoſe at this time is 
but to make a ſmall Treatiſe, or an Epitome thereof. ; 


The 


bo | Fortification. Sn | Book V. 


The ſeventh Figure, of an Irregular . Fort, containing 5 Baſtions ; being the Plasform of the Royal Fors © 
- Michael's Hill, on = North-Weſt fide of the City of of & Ry Fort 


ſometimes on St. 


A 
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To make 4 Scale for Fortification by the Tables. 


His may be performed Geometrically by obſerving the = | A 
T former Inſtruftions, whereby you may gain the length :5 Cc 
of egery Line: But it will be ſooner done, and more eaſy, |;F'a. 
by theſe Tables following. 


Firſt Table for 12 Sides. 


CALC EAKIEIENAN E 


I'' 7 bl 
'Fem1. Our. Pol. Io000'1I 0OQftI OOO, Lo00 I C00, I GOO I SOC O00 _ {N 


Semi, Inn. Pol. 661] 700} 731] 756] 777; 795] $19] $23 
[The Fronr 412} 347] 299 


The Gorge Jo 151] 141 


[The Flank 133] 127] 119! 111] 103] 


132] 123] 115] 108] tot] g6 5 | \ 


261 12 209] 190] 174] 160 H 


4 $ 6 yaoln 
Second Table for 8 Sides. Y 5 ] 


Numb. of Sides.| 4 | 5 6 | 7 b---3 | RR” > 
emi, Our. Pol.}t 000[1 ooc|t 000 1 0001000 - bg At 
emi. Inn. pol.| 661] 7o&| 140} 966] 787 | 

| 


AAAS, =. 85] Yo 


e Front 412] 346] 296 259] 229 _ 
'The Gorge 159 156 148] 138 130) 
The Flank | 1331 131] 124\ 116] 109 


Make your Scale of a ſufficient length, that may hold 
both Lines, the one for 12 Sides, and the other for 8. 
Make choice within the breadth of the Scale, between the : 

Borders, any ſufficient breadth, as CD; from whence The Scalwt : 
draw Parallels to the Sides, and divide C D into 30 equal IJ: 
parts, and begin your account from C with 45 : So ſhall of Fort: = : 
the end at D be 75 deg. | ; DR” _ 

Now make choice of the length of the outer Polygon, Fication. Foy 5 
which here I make three Inches; and divide a Line by the 
Side thereof, equal thereto, in 100 equal parts, and ſup- : 
poſe each part into 10; ſo have you 1000 parts, agree» |'**E |outP-ol [60 6 
able to the Tables. The next thing is to draw Parallels | | k 
toCE, according to the Polygon half Angles, as you —_ 
may ſee in the Tables under the Pentagon Fort- . So þ.- ” Y 
on the Scale CD you have for*he half Angle of a Pen- - 
tagon 54 Degrees, whereby you may draw the Pentagont | { 
parallel F G; and fo in the Jower Scale of 8 Baiſtons. In 
the like manner you may do for all the reſt. 

Now to draw the croſs Lines for the Semidiameters of 


N 
—11\|f 


19 


+ | a 
I 
[l 
T- 


6 7 4 9 iz 


wi 


II EE LEEESLE 


qd 6 
the inner Polygons, as alſo the Lines for the Fronts, "} 
Gorges, and Flanks, you ſhall work thus. Firſt, you muſt | 2 
note, That the Semidiameter of the outer Polygon is the FR 
Radius or whole Line of 1000 equal parts, and that is "nk zl *] 
drawn at Right Angles at F : But for the Semidiameter of i SUL 
the inner Polygon, look in the Table of 12 Sides in the Py | 
ſecond Colamn under 4, you have 661. Take that Num- —H | |[T} 
der off your Scale of equal parts, and lay it from E to kT} + 
H: Then in the third Column under 5, you have 700 N 
parts ; lay the ſame down from G to I, and make there a —F"Fs.25 0 
prick or point : Do the like for the Hexagon and Hepta- | x By 
gon, asatland K; proceeding along with all the reſt un- = = 
to the Dodecagon. And laſtly, draw a Line through all —— - 
thoſe Points : So have you the Arch Line H M for the 


Semidiameters of the inner Polygon. In the ſame man- 
ner work for the Front, Gorge, and Flank Lines. The 
Scale of 8 Sides is made by the ſame Method. 


Qqq [ 
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| have alſo inſerted on the left. ſide of the Scale a line of Chords, whoſe Radius ( or 
Chord of 62 deg,) is three Inches z and by-it a Line for the Sides of the Polygons. The 
Hexagon, or ſix Sides, is equal to the Radius : And for the Tetragon, or four ſides, ir 
is equal to the Chord of go Degrees. So having deſcribed a Circle with the Chord of 
69 Degrees, you ſhall find, that if you take from the Center N unto 5, it ſhall dividethe 
Circle-iato-4 equal-parts, for drawing the Figure of a Pentagon, which in the Figure of 
a Pentagon For, { will reach from A to B, and ſo to X, Y, Z, and A. NowD 
A in the ſame ſecond'Fignre you ſhall find to be the S:midiameter of the Outer Polygon, 
which in the Scale is G'F, and taking Gl off the Scale for 12 Baſtjons,or G O on the Scale 
of $ Baſtions, it will give the Semidiameter .of the Inner Polygon , as D On the ſame 
Figure, So likewiſe GP on the Scale will be equal to the Front A K 1n the Pentagon 
Fort. Thelike you may underſtand for laying down the Gorge and the Flank. And 
for the Curtain, as before, you muſt makeR S 1 + the length of the Front A K. 

This Scale will alſo be of good uſe in Irregular Fortification. As for infiance, inthe 
Irregular Fort, you ſhall find the halt Baſtion Angle G A F to be 58 De- 
prees, which falls on the Scale between the Pentagon and Hexagon, from whence yon 
may draw a Baſtion on ſome ſpare place, and from thence proportionate the {ame untq 
the outer fide of the ſaid Figure A B. The reſt 1 leave to your own practice. 


How to Fortify a long Curtain with Bulwarkg, or a ſtraight Town Wall. 


Et the Curtain be AB. Firſt take 200 foot from the Scale of Fortification, account: 
ing 10 for 100; and lay the ſame from A unto C, and from C unto D : So ſhall 
AD be the breadth of the Neck of the Gorge : and upon the Point C erect a Perpendi- 
cular, asCF. Then take 420 foot off your Scale, and lay the ſame from D ro E, which 
ſhall be the length of the Curtain. Next you muſt take 720 foot, and lay the ſame from = 
E, to cut off the Capital LineatF fo E F be the longeſt Line of Defence, and 
CF the Capital Line; which Line C F muſt be laid down from CuntoG : and draw 
G F for the ſhorteſt Line of Defence. Laſtly, upon D ere& a Perpendicular, which will 
_ = ow her = ;& 1, IO wy for the Flank, and H F the Front. Thus have 
n fint n, whence you may tranſ} b I- 
5 were the ereromny | y y port all the reſt of the Baſti- 
ote, That Baſtjons muſt not exceed 720 foot, that ſo it may not be wi 
Muſquet-ſhot. But if you will defepd the Front with Cannon, you  &- make levy pro 
of Defence almoſt twice ſo much. The like for the Curtain, which may be 800 foot - 


and in the middle of the Curtain you may make a Spur, or Point of a Baſti K 
which will be neceſlary for Maſquert-ſhot, beſide the Cannon; of whi bh ta the Line 
drawn about the City of Briſtol 1 ans ſcen many. we” Oe 
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Th: five following Pieces are taken ont of Malthus, the Proportions you may find by the Scales 
y; and the Rules before ſhewed. : 


Je4rc gorm 


A ; ns p ® 4 

PR. 3 3 Sothbili "I 
HF {ies (Wl 
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* Job 


38.31, 32+ 
Can( ; 


thou bind 
the ſweet 
Influence 0 
the Pleia- 


des, or looſe 
the Bond's of 


Orion ? 


Canſt thoy Caſſiope, nor far 


Of the Eight and Forty Con 


Dr rn 


ftellations of the Fixed Stars 


and of the Circles of the Sphere. 


He Army, of the Starry Sky 

T Dory the Glory of Gold molt high, 
Seen and perceived off all Nayons, 
In Bight and fofry Conſtellations. 

* Firſt, near unto the Northern Pole, 
The Dragon and two Bears do role. 
Whoſe hinder parts and Tails contain 
The leſſer and the greater Wain. 
The Hare, the Bear-ward, and the Crown ; 
'And thence comes Hercules kneeling down ; 
And next below a place doth rake, 
Grear Serpent arius with the Snake, 
Under the Harp of Orphews, 
'The Eagle, and Antinons, | 
The Silver Swan her Wings doth ſpread 
Above the Dart and Dolphin's head ; 
Then Pepaſis comes on amain, 

Andromeda follows in her Chain ; 
The Triangle below her ſtands, 
And ar her Feer in Per/eus's Hands 
The Gorgon's Head ; above are {cen 
Her Parents, Cepheus with his Queen 
low, 


bring forth Hentochus his Goardoth ſhow 


the Maza- 


On his leſt Shoulder, in his Hand 


roth iz bis He doth the ftormy Kids command. 


ſeaſon, or 
canſt thou 
gmade Ar- 


Agurus with 


bis Sons. 


Here in the Zodiack begins 

The Ram ( 'Y,) the Bull (6, ) the loving 
wins ( IT, ) TR 

The Crab ( ©, ) the Lion ( A,) and Virgin 
(TR,) tender; | 

The Ballance { =, ) Scorpio (-M, ) and Bow- 
bender ( #, ) ; 

Goat ( VS, ) Water-Man ( &, ) then Fiſhes 
rwain ( X, 

Shall bring you round ro the Ram ( T' ) again. 
Fifreen es appar 

In the Sourhetn Hemiſphere, | 

The Monſtrous Whale above the reſt, 

Eridanus wets hisBreaft. 

Over the Hare Orzon bright, 

Sparkles in a cold Winters Night; 

Then comes-the great Dog, ar whoſe Tail 

The famous Argo ſpreads her Sail : 

Above the lirtle Dog doth flame, 

For whom rhe Larines had no Name ; 

Long Hydra on her Tail allow, 

Carries'the Pitcher and the Ctow ; 

The Centaur holds the Wolf by rþ\ heel ; 

The Alrar, and Ixion's Wheel, . 

:'Are never ſeen of us; bur here -_ 

The Southern Fiſh brings up the rear. 

- »112'2 »- The Planers. -* 

Under thoſe frxed Stars above, 

Seven Planets in. their Orbs do move z 

The higheſt is Setwry, thirty year 

He ſpends in compaſling his Sphere ; 

Twelve Jupiter, and Mars in twain, 

Sers forward, apd comes round again. 


$ 
Then in one year the Sun diſplays 


Three hundred fixty and five days ; gap , 
And near a Quarter, which in Four 
Encompaſlings, makes one Day more. 
Berween rhe Sun and us, there fly 
Fair Venus and {ſwift Mercury ; 
* 'Theſcalways near the Sun we find, 
Norfar before, nor far behind. 
The Moon is loweft, who in ſeven 
And rwenry Days goes round the Heaven; 
And about two Dave more doth run, 
Before ſhe overtakes rhe Sm. 
yo Twenty nine and half in all, 
Do make a Month Synodical. 
Theſe Planets make their coutſe to rh' Eaſt, 
Though they be faſter hurled Wett 
And fix Degrees the reſt may ftray, 
Beſides the Sun's Ecliptick way. 
The Circles of the Sphere. 
vix greater Circles mark you ſhall, 
Which equally divide this Ball : 
Juſtin rhe midſt berween the Poles, 
. From Eaſt ro Weſt the Equator roles. 
The Ecliprick cuts him, and doth flide 
Twenty three degrees and half a fide, 
Horizon even with the ground, 
From Stars below our She doth bound, 
Meridian ſtrait upright doth riſe, 
Parting the Eaft and Weſtern Skies. 
Two Colours through the Poles do run 
Quartring the Circle of the Sun ; 
One where the Spring and Fall begin 
Th'other where -o8Dh Days come in: 


—_, 


- Four leſſer Circles mark them well, 


Are to th* Equator Parallel. 

Two Tropicks bound the Sun's high-way, 
Shewing rhe longeſt and ſhorceft Day, 
The Ar8:ch Circle cuts the Bears, 
Th' Antar&ick oppofite appears. 
*Meridians half Twenty four, 

For Hours, andfor Degrees Nineſcore, 
Through borh the Poles o'rh' World do paſs 
And the EquinoRial down-righrt crofs ; | 
And Nine ſcore parallels have thar Line, 

” which Stars North and South decline; 

he Ecliprich hath his Longitudes, 

And parallels of Laritudes 

For Stars; Bur in Geography, 

The Towns do from the Equator lie. 

Oyer our Head, and under Feet, 

The Nineſcore 4zimuths do meer ; 

And here as many parallels, 

Of Altirude Horizontals 

Longirudes and Meridians all, 

And Azimuths grear, Circles call. 

Bur all the parallels in Heaven, 

Being lefſer cur, the Globe uneven; 

Degrees three hundred and threeſcore 

Harh every Circle, and no more. 


The Heavens decl/zre the Glory of God, and the Firmament ſheweth his handy-work, Pal. 19. 1: 


Wen I conſider the Heavens the work, of thy Fi 


s, the Moon, and the Stars which thou haſt ordained, 


what js Man, that thou art mindful of ; im i by the Son of Man, that thou viſiteſc /:im 2 Plal. 8. 3. 


THE 
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Wherein is contained 


The Definitions of the Circles of the Sphere, with the manner how to re- 
ſolve divers neceſſary Aſtronomical Propoſitions both by ProjeCtion, (or the Scale and 
Compaſſes) and alſo by the Doftrine of Spherical Triangles, &c. 


TT AA, X 


Falices anime quibus hec ee conſe primun 


Inque domes ſuperas ſcandere cura fur, 


Rrre 


we *% : 
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CHA EF. 1 


Containing a definition of the Circles of the Sphere. 
4 

N the former Books are contained ſuch Problems Geometrical as are moſt neceſſary 
for every ingenious Artilt to underſtand and praCtiſe : Now to the end the Pragj. 
tioner may elevate his Thoughts to the contemplation of thoſe glorious Bodies, the 
Sun, Moon, and Stars + I ſhall here in this place exhibit a brief ſurvey of the firſt Ry. 
diments of Aſtronomy, for the help of young Practitioners and Mariners, for whom 
chiefly I take this pains: I ſhall give a brief and ſuccinct Explanation of the ſeveral Cir 
cles of the Sphere, and then ſhew how to refolye the moſt uſual and common Prg. 

blems thereof. — RE DET 

This is to be underſtood, that Aſtronomers do imagine ten principal Points, and ten” 
Circles to be in the Convex ſide of the {irſt Moveable Sphere, which arecommonly drawn 
upon every Globe or Sphere, beſides divers other Circles which are not delienated, but 
only canceiv'd by the Mind, — 

The Points are the two Poles of the World, the two Poles of the Ecliptick, the two 
EquinoCtial Points, the two Soliſtitial Points, and the Zenith and Naair. 

The Poles of the World are two Points, which are directly oppoſite to one another, 
about which the whole Sphere of Heaven moveth from the Eaſt to the Welt, whereof 
that which is ſeen on the North-ſide the EquinoCtial, is called the Arctick or North Pole. | 

The other Diametrically oppoſite to the former is called the Antaraick, or South 
Pole, and can be ſeen only ondhe South- ſide of the Equator ; a right Line imagined to 
be-drawn from the one Pale to the other, is called the Axis of the World. 

The Poles of the Ecliptick are two Points direQly oppoſite to each other, diſtant from 
the North and South Pole of the World 23 deg. 31 min. 

The Equinoctial Points are in the beginning of Aries and Libra, to which Points the 
Sun cometh abour the eleventh of March, and thirteenth of September, and makes the 
Days and Nights of equal leogth in all places in the World. 

The Point of the Summer Soliſtice, is the beginning of Cancer, which the Sun cometh 
unto about the eleventh of June, being the longeſt day to the Inhabitants on the North 
part of the Earth, and the ſhorteſt day to the Inhabirants of the South part. 

And the Pojnt of the Winter Solſtice, is the beginning of Capricorn, to which the 
Sun cometh about the eleventh of December, and maketh the ſhorteſt day of the year to 
the Inhabitants of the North Hemiſphere, and the longeſt to the Inhabitants on the 
South-ſide the Epuinoctial. 

The Vertical Point, or Zenith, is the Point directly over head, and is the Pole of the 
Horizon, being 90 degrees every way therefrom. 

The Nadin\is the oppoſite Pont under our Feet. 

Circles of the Sphere. The ten Circles are as followeth z The Equinotial or Equator, 
dividing the Heavens in the middle between the two Poles; the two Points of Aries and 
Libra, cut this Circle in oppoſite Points, and when the Sun is in thoſe Points it makes 
the Days and Nights of equal length all over the World. 

Fhe Meridian of a place is a great Circle paſſing through the Poles of the World, and 
the Zenith of the Place ; the Sug when he comes to this Meridian, it is Noon there. 

The Horizon is diſtinguiſhed by the names of rational, or ſenſible ; the firſt is a great 
Circle every where Equidiſtant from the Zenith, and divides the ſuperiour or upper He- 
miſphere, from the lower ; the ſituation of the Sphere is diſtinguiſhed by the Horizon, 
which is either Right, Oblique, or Parallel. 


A right Horizon paſſeth through the Poles of the World, and cuts the Equator at 
right Angles. 

An Oblique-Horizon is ſuch an ane as cuts the EquinoCtial Obliquely, having one Pole 
rals'd above, and the other depreſs'd below the Horizon, and at unequal Angles. 

A Parallel-Horizon is one that hath the Poles of the World in the Zenith and Nadir, 
and the EquinoQiial for the Horizon. 


_ The Senſible-Horizon is a Circle that divideth the part of the Heavens, which we ſee, 
from the part we ſee not, called the Finitor, 
The Ecliptick is a great Circle, that divides the Equator into two equal parts ; the 


Points of Interſection are Aries and Libra, the one half declining toward the North, the 
other to the South 23 degrees 31 mig. From 
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" From the Ecliptick the Latitude of the fixed Stars and Planets are number'd both N oeth-. 
ward and Southward ; the Circumference of this Circle containing 350 deg. is divided 
iato twelve equal parts called Signs, every Sign containeth 3o deprecs, and every dcgree 
containeth 60 minutes, and every minute 60 ſeconds, and every ſecond Go thirds. 


C) The Names and CharaQters of the 12 Signs. 


gb 's) ITC G5 ' WE, « =. "7 VS % X 
Arits. Taurus. Gemim, Cancer. Leto, Virgo, Libra, Scorpio, Sagittarius, Capricornus. Aquarius, Pijces 


T he Six firſt are Northern, and Six laſt the Southera Signs. 


Of the Colures. Thele are two great Circles, (or Meridians) paſſing through the Poles 
of the World, croſſing one the other at right Angles, and dividing the Equinoctial and 
the Ecliptick into four equal parts, making thereby the four Seaſons of the Year. 

The Solſtitial Colureis a great Circle paſſing through the Poles of the World, the 
Poles of the Ecliptick and the Solltitial Points of Cancer and Capricorn, ſhewing the mid- 
dle of Summer and Winter. 

T he Equinoctial Colurc, is a Circle paſſing by the Poles of the World through both the 
Equino&tial Points of Ariesand Libra, ſhewing the beginning of the Spring and Antumn, 
when Days and Nights are equa]. | 

The Tropick of Cancer is a leſſer Circle of the Sphere, equi-diſtant from the Equi- 
noctial to the Northward 23 degrees 31 min. wherein when the Sun is, then he enters 
Cancer, and makes his greateſt Northern Declination. 

The Tropick of Capricorn 1s a leſſer Circle, equi-diſtant from the EquinoQtial South. 
ward 23 degrees 3! min. to which when the Sun cometh, he then enters Capricorn, and 
maketh his greateſt Southern Declination. | 

Of rhe two Polar Circles, Theſe are two leſſer Circles, diſtant as much from the Poles 
of the World, as the Tropick of Cancer and Capricorn is from the EquinoCtial in which 
are the Poles of the Ecliptick, which moving about the Poles of the World, deſcrib@by 
their motion the ſaid two Circles ; that about the North-Pole is the ArCtick Circle, and 
tbat about the South is the Antarctick Circle. 

The firſt fix are called Circles, and the other four leſſer Circles; by the Centre of a 
Circle is meant a Point or Prick in the middle of a Circle, from whence all Lines drawn 
to the Circumference are equal, and are known by the names of Radius or Semidiameters. 

That is ſaid to be a great Circle, which hath the ſame Centre as the Sphere, and di- 
vides it into two equal halfs, called Hemiſpheres ;, and that is a leſſer Circle, which hath 
a different Centre from the Centre of the Sphere, and divides the Sphere into two une- 
qua] Portions or Segments. | 

Of other Circles imagined, but not deſcribed ina material Sphere or Globe. 

' Such are the Azimuths, Almicanters, Parallels of Latitude and Declination. 

Azimuth or Vertical Circles paſs through the Zenith, and interſe&t the Horizon at 
right Angles; and the Azimuth of Eaſt and Weſt is called the Prime Vertical. 

The Sun or any Star having Elevation or Depreſſion abcve or below the Horizon, is 
then properly ſaid to have Azimuth ; but if they be in the Horizon, either riſing or ſet- 
ting, the Arch of the Horizon between the Centre of the Sun or Star, and the Point of 
Eaſt or Weſt, is called the Amplitude. ; | 

Circles of Altitude, called Almicanters, are Circles Parallel to the Horizon, and in- 
terſect the Vertical Circles at right Angles, which are greateſt near the Horizon, and 
leſſer towards the Zenith, in which Circles the Altitude of the Sun, Moon, or Stars a- 
boye the Horizon are accounted, which is an Arch of an Azimuth, contained betwixt 

| the Almicanter, which paſſeth through the Centre of the Sun, Moon, or Stars, and 
the Horizon. | 

Parallels of Declination are leiler Circles, all Parallel to the Equinoctial, and may be 
imagined to paſs through every degree ard part of the Meridian, and are deſcribed from 
the Poles of the World ; in like manner, the Declination of the Sun or a Star is mea- 
ſured by the Arch of the Meridian between the Sun and Star, and the Equinoctial, 

Parallels of Latitude in the Heavens, areleſler Circles deſcribed trom the Poles of the 
Ecliptick, and ſerve to define the Latitude of a Star, which is the Arch of - a Circle cog- 
tained betwixt the Centre of any Star or Planet, and the Ecliptick Line; (making righc 
Angles therewith) and counted toward the;North or South Poles of che Ecliptick, and 
the Sun eyer keeps its way under the Ecliptick-Line, and therefore hath no LO 
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. Parallel of Altitude, called an Almicanter 


The Longitude of the Sun or Stars is meaſured by the Arch of the Ecliptick, com- 
prehended between the Point of Aries, and a great Circle paſſing from the Poles of the 
Ecliptick, by the Sun or Stars Centre, and reckon'd according to the ſucceſſion of the 
whe po on the Earth, is an Arch of the EquinoCtial contained between any aſſigg- 
cd Meridian where it begins, and the Meridian of any other place, accounted Eaſtward 
ſrom the firſt place ; but in my Tables it is counted Eaſt and Welt from the Meridian of 
the Lizard terminating at 180 Degrees. 

Right Aſcenſidn is an Arch of the Equinoctial (accounted from the beginning of Aries) 
which cometh to the Meridian with the Sun, Moon, or Stars, or any part of the Eclip. 
tick ; and by it there are Tables made for the Sun, Moon, and Stars to know the time 
of their coming to the Meridian, LE, 

Oblique Aſcenſion is an Arch of the EquinoQual between the beginning of Aries and 
that partof the Equinoctial, that riſeth with the Centre of the Sun or Star, or any por- 
tion of the Ecliptick in an Oblique Sphere. 

Aſcenſional-difference is the Difference between the Right-Aſcenſion, and the Oblique 
Aſcenſion, and thereby is meaſured the time of the Sun or Stars riſing or ſetting before 
or after SIX. 

Elevation of the Pole is the height thereof above the Horizon, which is equal to the 
diſtance between the Zenith and the EquinoCtial, whoſe Complement is equal to the di- 
{tance of the Zenith from the North or South Pole, or the Elevation of the Equator a- 
bove the Horizon 3 theſe Circles I have inſerted, to the end they may be perfectly known; 


for without them, the Reader cannot well underſtand the following Ploblems of the 
Sphere that are depending thereon. 
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CC HAF. I. 
The Projeition of the Sphere in Plano, repreſented by the Analemma. 


T* Sphere may be projected in Plano the Parallels being ſtraight Lines, as in the 


Analmma, if the Semi-diameters of the Parallels be divided in ſuch ſort as the 
Line of Sines. 


This Scheme is fitted for the Latitude of 51 deg. 4, and repreſents the Points ard 
Circles of the Sphere before deſcribed. 


The Projettion, Take with your Compaſſes the Chord of 60 degrees, and upon the 
Centre © deſcribethe Circle H Z On (2.) Draw the Diameter HC © which repreſerts 
the Horizon, and at Right-Angles thereunto, croſs it with another Diameter 7 CN. 

Then for the Latitude of the place, prick off 51 deg. * from O to N, and from Hto 
S and from the ſame Line of Chords, take the Complement of the Latitude 38$ deg, + 
and prick it off from H to A, and from O to Q,, and draw NCSand &CQ. 

Then take the Suns greateſt Declination 23 deg. -: and prick off from X to G and T, 
and with the like Chord do the ſame from N to y and g, for the Polar-Circle; and the 
likedo from Q to D and P, andfromsS to X and h ; and through theſe Points draw 
Parallels to the Equatoryg, T SD, GbhP, andX h. 


And through the Centre draw the Ecliptick-Line TCP; and draw RS Parallel tothe 
Horizon H CO, and any other Parallel of Altitude as I f. 

Thus are the Points before defined, repreſented in this Diagram; N is the North- 
Pole, S the South-Pole, g the North, X the South-Pole of the Ecliptick ; C the Equi- 
noCtial-Points of Aries and Libra; T the Point of the Summer-Solltice, P the Point of 
the Winter-Solſtice, Z the Zenith over our Heads, n the Nadir-points under our Feet. 

The greater Circles are H C O the Horizon, Z Cn the prime Vertical or Azimuth of 
Eaſt and Weſt; HZ On the primary Meridian, and alſo the Colure of the Summer and 
Winter Solſtice, A CQ. the EquinoQtial ; T CP the Ecliptick; SC N the Hour-Cir- 
cle of 6; and alſo it repreſents the Colure of the Equinoxes. Y 


The leſſer Circles are alſo repreſented, T'D the Tropick of Cancer 3 G P the Tro- 


_ 4 Capricorn; y g the ArCtick-Circle, abour the Pole North, X h the AntarCtick- 
ircle. 


Other Circles not deſcribed upon Globes, are there repreſented ; ef repreſents a 


zthe prickt Arch Z © repreſents an Azimuth, 


The 
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The Projeſtion of the Sphere in Plano, according to the Analemma. 
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The prickt Arches from the Poles repreſent the Meridian or Hour-Circles, which are 
Ellipſes ; the drawing thereof will be troubleſom, and for that reaſon is not mentioned ; 
and how to ſhun them in the reſolution of any Propoſition of the Sphere, by Chords ſhall 
be ſhewn in the ſeveral Queſtions following ; But the Sphere may be Projefted in Plane, 
by Circular-Lines, as in the general Aſtrolobe of Gemma Frifius by help of the Tangets 


and 5 Tangents on the Scale as in the fourth Book beforegoing, and will reſolve the ſame 
things, 


In this ProjeFion the Circles are diſtinguiſhed by the ſame Letters as in the Analemma. 


Circles drawn Parallel to the EquinoCtial EQ» aspq, TD, Y g: repreſent Parallels of 
Declination. Circles drawn Parallel to the Ecliptick TP, repreſent Parallels of Latitude 


. ofthe Stars or Planets.” Arches relating to the motion of the Sun, in either Projettion are 
as follows. 


(1.) The Suns Amplitude, or Coaſt of Riſing and Setting from the Eaſt and weſt, is 


repreſented by C L in Northern Sines,and by C F in Southern Sines. 
(2.) The Aſcenſional-difference, or time of Riſing and Setting from ſix, ia Summer 
by SL, in Winter by Fb. BY” : 
3.) The Altitude at Six in Summer, by R C, and his Depreſſion at Six in Winter 
y Co. | 
(4.) The Azimuth at the hour of Six in Summer, by RS, or Cf, equal to þ 6 in Winter. 
. (5.) The Vertical-Alcitude or Alritude of Eaſt and Weſt, by M ©, in Summer, and 
his Depreſſion therein in Winter by C N. : 
(6.) The hour from Six, being Eaſt and Weſt, in Summer by MS, in Winter by N þ. 
(7.) The Azimuth from theEaſt or Weſt upon any Altitude,is repreſented in the Paral- 
le] of Altitude, where it interſe&s the Parallel of Declination by I ©, 
(8.) The hour of the Day from Six, to any Altitude, is always repreſented in the 
ſaid Point of InterſeRtion, in the Parallel of wer?" ak as by q O. This ProjeRtion 
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The Projettion of the Sphere by Circular Lines, called the Stereogtaphick Projetion, 


of the Sphere doth repreſent the Triangles commonly occutring in Aſtronomical Pro- 
blems. Thus the Right- Angled Triangled C K ©, Right-Angled at K, (ſuppoſing the 
Sun at ©,) is madeof CK his right Aſcenſion, © K his Declination, and KC the angle 
of the Ecliptick, with the EquinoCtial (being the Sans greateſt Declination 23 deg. 31.) 
C ©K the Angle of the Suns Meridian and Ecliptick, and C © the Suns diſtance fromthe 
Equinoctial Point Y or =. lathe Right-Angled Triangle L ON, Right-Angled at ©; 
ſuppoſing the Sun at LON is the Elevation of the Pole, N L the Complement of the 
Suns Declination, LO the Suns Azimuth from the North, L N O the Hour from Mid- 
night, (or Complement of the Aſcenſional Difference) N L O the Angle of Poſition, 
that is, of the Suns Meridian with the Horizon ; and of tbe like parts, or their Com- 
plements, is madethe Triangle CM L, In the Right-Angled Triangle C h S, Right- 
Angled at h ; ſuppoſing the Sun at S, there is given CS his Declination, and his Alti- 
tude at the hour of ſix, C h the Suns Azimuth from the Eaſt and Weſt at the hour of fix, 
h CS the Angle of the Poles Elevation, CS h the Angle of the Suns Poſition. 1n the 
Right-Angled Triangle Cd M, ſuppoſe the Sunat M; 4M the Suns Declination, C4 
the hour from ſix, C M the Altitude being Eaſt or Weſt, 4CM the Latitude, 4M C 
the Angle of the Suns Poſition. In the Oblique-Angled Triangle Z © N, if the Sun be 
©, ZN isthe Complement of the Latitude, and N © the. Complement of the Suns 
Declination, or diſtance from the Pole, Z © the Complement of the Suns Altitude ; 
. ZN © the Angle of the Hour from Noon ; N Z © the SunsAzimuth from the North part 
of the Meridian; Z © N the Angle of the Suns Poſition. 
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CHAP. III. 
How to calculate the Sun's place in the Ecliptich. 


£ &e + propoſition is propounded, in the firſt place, becauſe many others depend upon 
it, there is aſcribed to the Sun a Li Motion ; firſt, a Motion upon his own Axis, 
whereby he finiſhethone Revolution in 26 Days. 2. A 
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"Then I ſay, if 1 dey. or 60 min. give 53//, 
whar ſhall 11 mir. give ? By the Rule of Pro- 
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we The Projettion by the Analemma appertaining fo the thirteen 
Problems following. 


The Stereographick Projettion appertaining to the thirteen 
Pr.blems following. 
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Chap. II. A [ftronomical Problenis. ; 13 


At IIS 


2. Adayly motion from the Eaſt into the Welt, by means of the Primum Mobile, 
whereby he cavſeth the Day and Night. | 

3. An oppoſite Motion from the Welt into the Eaſt, called the Annual Motion, where- 
by he runs once "111 a Year through we lg, wig moving near a degree in a day, and 
thef&by cauſeth the ſeveral Seaſons &f the Year, | 

The two latter Motions may be repreſented by a man turning a Crane-Wheel, 365 
times round, while a Worm creeping againſt, and contrary to that Motion, creeps once 
round the contrary.way, but Obliquely ; that is, from the further ſide of the Wheel, 
towards the hithermoſt ; and by this Motion the Sun is ſuppoſed to deſcribe the Eclip- 
tick-Line, according to Tycho 3 and the other Planets, (except the Moon) moving round 
bim, being ſubje& to his Motions, and many of their own beſides ; many of which Mo- ; 
tions are removed by the Copernican ſuppoſition of the Earths Motion, which is a ſub=« 
ject of much controver!y among the Learned : However, be it either the one, or the 
other, the Propoſitions hereafter reſolved, vary not; the Propoſition is what Longitude 
the Sun hath from the neareſt EquinoCtial Point, which may be found within a degree or 
two from the day of his Entrance into each Sign. 


TY Aries, Marth 1o. = Libra, September 13; 
. | SG Taurus, April io. m Scorpio, Ofober 13. 
PER ws Dor Dyes IL Gemint, May 11. £ Sagittarius, Novemb. 12. 
Sion *- © Cancer, June 11. vV$ Capricornus, Decemb. 1 1, 
Bll. & Leo, Jah 13. x O— Fanuary 10. 
TW Virgo, Aupaſt 13. X Piſces, February 8. 


1, If the Number of the Day of the Month given, exceed the Number of that day 
in which the Sun enters into any Sign > SubtraQt the leſſer Number from the greater, and 
the Remainder is the Degree of that Sign the Sun poſleſſeth. 


PROB. I. On May 12, I would find the Suns true place by the former Rules 3.. the 
Sun enters Gemini, ay 11 3 which ſubtraCt from 12, the Remainder is 1, which ſhews 
the Sun to be in 1 deg. of Gemini. 

Example. Let it be required to know the Suns place the fourth of November ; on 
the 11th day of that Month the Sun enters Sagittarius, and the 1 3th Day of Ottober he © 
enters Scorpio, betwixt the 1 3th of Oftober, and the 4th of November are 22 Days, and 
as vg the Suns place is 22 deg. of Scorpio. But to find the Suns place by Wing's 
Hypotheſis, and Tables in Aftronomia Britannita, the Rule is. Firſt, enter the Table of 
the middle Motion and Apogee of the Sun, and write out the Epocha next going before 
the time given, under which ſet the Motion belonging to the Years, Months, Days; 
Hours, and Minutes, (only in the Biſſextile or Leep-years,) after February a Day is to 
be added to the number of days given ; then adding them all together, the Sum will be 
the Middle-Motion and Apogee of the Sun for the time given. 

Example, Suppoſe the 12th of Hay at Noon 1667, the Suns place is required. 


Time given. |Longitnde © Apog. © | 
SD MSSD MS 

The Epocha. | 9 20 24 493 & 45 5 
1661, Years in-11 29 33 070 © 6 10 
cluding 6, May 3 28 16 39, 20 
Days 12. io 11 49 40 2 


The Suns Mean-motion, or Longitude.) 2 oo 04 153 6 51 37 


2. Subtra& the Apog, of the Sun from his Mean-Longitude, and the Remain will be 
his Mean Anomaly. 


Example. $S. DHS 
The Suns Mean-Longitude 1S- ——— 2 09 4 I5 
The Apogeum ſubtracted ——_— z O06 LL 37 
The Suns Anomaly ———— 23 I 3g 


With the Suns Anomaly enter the Table of his Equation with the Sign on the Head 
and the deg. deſcending on the left hand, if the my thereof be under 6 Signs 3 _ 
Y 
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Note, tbe 
Horizon 
needed not 
to bavt 
been delie- 
nated in 
this Pro- 
blem, but 
the ſame 

* Scheme re- 
ſers to the 
Problems 
following, 
and there- 
fore it was 
drawn, 


if it be more than 6 Signs, enter with the ſign in the bottom, and the deg. aſcending on 
g thereunto ; 


the right hand, and in the common-Angle you have the Equation anſwerin 
you may, (if need require,) take the Proportional part. 


Example. @ S D ths 
In the Table of Equation anſwering to 23 deg. 12 min. 33 S. Is — oO Ol 11 3x 
The Suns Mean- Longitude, add ——_ Doo 0 


The Suns true Longitude, —— ——2 ot 15 46 


Therefore the true Þlace of the Sun is in 1 deg. 15 min. 46 ſeconds of Gemini. 


Example. In the Year 1583, March 14 at Noon, in the Meridian of Uraniburg in Den. 
mark, , the thrice noble Tiebo-Brabe, obſeryed the Suns true place in 3 deg, 17 min. 40 ſe. 
conds of Aries. The time at London was March 13, 23h. 8 m. | 

Multiply 53 by 1 1, the Produtt is 583, which divide by 60, the Quotient will be 9/41, 
or 10”, and becauſe the Equation decreaſes, I ſubtraCt it from the Equator, anſwering to 
22'deg. and it leaves 1 deg. 52 min. 12/”, for the true Equation deſired, which accord. 
ing to the Title, being added to the Suns Mean Longitude, giveth the true place of the 
Sun required, as follows : 


S' 0 0-3 
The Suns Mean-Longitude ——--—o 29 oo 30 


The Equation added — — — ———1 52 12 


he Cre erent rw ememenencs 


The Suns true Longitude — ——-1 ©oo 52 42 


Therefore the Suns true place is in odeg. 52 min. 42 ſeconds of Taurus z theſe Ex+ 
amples are ſufficient for DireCtion, to find the Suns true Place at any time. 


PRO B. Il. The Suns diſtance from the next EquineGial- Point , and his greateſt Declination 
being given, to find the Declination of any Point required. 


VAJ "you Compaſſes take the Chord of 60 deg. upon the Centre C, deſcribe the 
Circle HZ NO, and draw the Diameter H C O, which repreſents the Horton, 


and at Right-Angles, or Perpendicular thereunto, draw Z CG, the Azimoth of Eaſt 
or Weſt, and take the Latitude of the place, (which in this Example is 51 deg. +) and 
prick it from O to N, and from H tos; and draw the Hour of fixN CS, then prick 
from Zto X, and from NtoQ 51 deg. 3, and draw the EquinoQtial Line Z C Q; then 
the Suns place being given, take 2.3 deg. 31 min. and prick from X to, and trom Q 
to Þ and draw the prickt Line © CP, then take the Suns diſtance from the next Equi- 
noCtial Point, which in this Example ſhall be 61 deg. 18 min. out of the Line of Sines, 
and prick it from C to ©, and through © draw a Parallel Line tothe Equinodtial, as T D, 
and it ſhall be a Parallel of Declination, and where it cuts the outward Meridian, as at T, 
apply the diſtance A T to the Line of Chords, and you haye the Declination 20 deg, 
30 Min. which was required ; Or you may take the neareſt diſtance from © to the Equa» 
tor, and apply it to the Line of Sines, and that will give you the Declination 20 deg. 30 
min. andif through © you drayy a Line Parallel to the Horizon H O, as ef, it is a Pa- 
rallel of the Suns Altitude. By the Logarithms in the Right-Angled Triangle CK ©; 
in the Stereographick Projection we have given, firſt theHypothenuſe, C © 6: deg, 18 
min. ſecondly,the Angle KC © 23 deg. 31 min. hence to find K ©.as the Radius—10 

Is in proportion to the Sine of the Suns Declination 23 d. 31 min. K C © 960099 

So ls the Sine of theSuns diſtance from the nextEquinoQialPoint 61 d,18 m.C © 994307 


To the Sine of his Declination required 20 deg. 30 min. K © 954406 

Extend the Compalles in the Line of Artificial Sines from 90 deg. to 23 dep. 30 min. 
the ſame extent will give the diſtance from the Suns place to his Declination. 

The Sun being either iu 1 deg. 18, min. of Gemini, or 29 deg. 42 min, of Capricorn, or 
1 deg. 18 min. of Sagittarius, or 28 deg. 42 min, of Cancer ;, that is, 6x deg. 18 min. from 
the next EquinoCtial Point ; the Declination will be found to be 20 deg, 30 min. 
PROB. 3. Having the Suns greateſt Declination, and his diftance from the next Equinodt- 

| al Point ; to find his Right Aſcenſion. 


F the following Scheme, having drawn the Parallel of the SunsDeclination TD, paſſing 
through the Suns place at © the extent $ © is the Sine of the Suns Right Aſcention, 


from 
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from the next neareſt EquinoQtial Point, to the Radius of the Parallel T D; and there. 
fore place the extent ST from C to X, and upon X as at a Centre with the extent $ Oe 
ſcribe the Arch at R, a Ruler laid from the Centre juſt touching the extremity of that 
Arch, finds the Point N in the Limb of the Meridian, and the Arch O N, applied to 
th&Line of Chords, is 59 dep. 4, and ſo much js the Suns Right Aſcenſion in the firſt 
quarter of the Ecliptick, In the Triangle C K © we have given as before, (1 .) the Angle 
of the Suns greateſt Declination K C © 23 deg. 31 min. (2.) the Longitude of the Sun 
from the next Equinodtial Point Aries C © 61 deg. 18 min. hence to find the Sans Right 
Aſcenſion, the proportion. 


As the Radiug ————— — —————— -10 
to the Tangent of the diſtance 61 deg. 18 min. C © —— 1026163 
So is the Co-ſine of the Suns greateſt Dec. 23 deg, 3x min. KC © —= —— 996234 


to the Tangent of theRight Aſcenſion C K 59 dep. 9 min,— ——— 1022396 


Or extend the Compaſles from Sine 90 deg. to Sine 66 deg. 29 min. the ſame diſtance 
will reach from the Tangent 61 deg. 18 min. to Tangent 59 deg. 9 min. which is the Suns 
Right Aſcenſion in 1 deg- 18 min. of Geminz. But this you are to obſerve, that if the 
Right Aſcenſion ſought, be in the ſecond Quadrant as in > Q 7, then you are to take 
the Complement of the Arch found to 180 deg, if in the third Quadrant, asin = m 7, 
add 1 80 deg, to the Arch found ; but in the laſt Quadrant, as in the laſt Qyadrant, as 
in vV$  X, ſubtract the Arch found from 360 deg, and you ſhall have the Rig ht A- 
ſcenſion required. 

Example 2. The Sun in 28 deg. 42 min. of &, that is 61 deg, 18 mio, from the Equi- 
noQtial Point = ; fay as before. As the Radius is to the Co-ſine of the greateſt Declina- 
tion, ſo is the Tangent of the Suns diſtance from the next Equino&tial Point 6x deg. 18 
min. to the Tangent of 59 deg. 9 min. as before, which taken from 180, is 120 deg, 51 
min. which is the Suns Right Aſcenſion required. 

Example 3. The Su» in 1 deg. 18 min. of 7 that is 6 deg. 18 min. from the next; 

- 'EquinoQtial Point =, the work is the fame as before; therefore to the Arch found 1 
add 1 80 deg. makes 239 deg. 9 min. the Right Aſcenſion of the Su ſought. 

Example 4. The Sun in 28 deg. 42 min. of vs, 61 deg. 18 mio, from the next Equi- 
noctial Point TY, the Operation is the ſame with the former Example ; wherefore- ſub- 
ſtraCt the Arch found 59 deg. 9 min. from 360 deg. and there will remain 300 deg. 5r 
min, which is the Suns Right Aſcenſjon required. : 


PROB. 4. The Elevation of the Pole, and Declination of the Sun being given ,, to find the 
Aſcenſional Difference. 


| C hs is repreſented in the Figure by S L in the Parallel of Declination, and it is there- 


fore to be reduced into the common Radius, therefore take the Radius of the na 
ralle 
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rallel S T, and prick it fromC to X, as before ; then rake the extent $ L, ahd ſetting 
one Foot upon X, with the other draw the part of an Arch at a, lay a Ruler from "4 
that ir may juſt touch the outſide thereof, and'it cuts the Circle in &, and take Chord or 
Extent Hd, and you will find it 28 deg. which being converted into Time, is 1 houg «2 
min, and ſomuchdoth the San riſe betore, and ſet after ſix in ſummer ; but ſo mych 
doth he riſe after, and ſet before ſix in winter. In the right Angled ſpherical Triapgle 
$ L Cate known. 1. $ C Lthe Complement of the Poles Elevation 38 deg. 28 min. 2. 
The Sans Declination 20 deg, 30 min. hence to find the aſcenſional ditterence S K, 


As the Radius is in Proportion ——- —— c— 
to the Tangent of the Latirnde 51 deg, 32 min.—— ——10,09883 
So is the Tangent of the Suns Declination 20 deg. 30 min, L S—-—— 9.57274 
. ——— 
. to the Sine of S K the aſcenſional difference 28 deg, comin.————9g,67;6; 


PROB. 5. The Suns Right Aſcenſion, aud his aſcenſional difference being given , to find 
his Oblique Aſcenſion, and Deſcenſion, 


EU perform this, you muſt obſerve theſe two following Rules. 1. If the Sans De: 
clination be North, you muſt ſubſtra&t the aſcenſional difference from the Right 
Aſcenſion, and the remainder will be the Oblique Aſcenſion ; but if you add them toge- 
ther, the ſum will be the Oblique Deſcenſion. 2. If bis Declination be South, add the 
aſcenſional differenee, and the Right Aſcenſion together, the ſum will be the Obliage 
Aſcenſion ; but if you ſubſtratt it, the remainder will be the Oblique-Deſcenſion. Admit 
the Sun is in 1 deg. 18 min. of Gemmi by the third Problem, his Right Aſcenſion is 
59 deg. 9 min. and his aſcenſional difference by the fourth Problem, is 28 deg. oo min. 
therefore according to the firſt Rule, -becauſe his Declination is North, the difference 31 


deg, 9 min. is the Suns Oblique-Aſcenſion, and the ſum of them 8odeg. 9 min. bis Ob- 
lique-Deſcenſion, 


PROB. 6. To find the Sun-Riſing, and Setting, with the length of the Day and Night, 


Ou muſt find the aſcenſional difference by the fourth Problem, which converted in- 

to Time, allowing 4 min. of an hour for every deg. and 4 ſeconds for every min, 

and the ſum of hours and min. is his difference of Riſing and Fetting before or after the 
bour of ſix, which was found before to be 28 deg, or 1 hour 52 min. Therefore when 
theSun is in Northern Signs, add the ſumto ſix, and the total is the ſemi-diurnal Arch, 
as in this Example, is 7 hours 2 min. the time of Swn-ſetring, and ſubſtra&t it from 6, 
and the remain is 4 hours 8 min, the time of -Swn-riſfing 3 double 7 hours 52 min. it is 1 5 
bours 44 min. the length of the Day, ſubſtraft ic from 24 hours oo min. and the remain 
is 8 hours 16 min. the length of the Night, in the Lat. of Breftol 51 deg. 28 min North. 


PROB. 7. The Elevation of the Pole, and Declination of the Snn being given ; to find 
| his Amplitude. | 


Eaſure the extent CL with the Compaſles in the Line of Sines, and it will reach. 
to 34 deg. 40 min. and ſo much doth the Sun riſe and ſet to the Northward of the 
Eaſt and Weſt inthe Latitude of 51; North, when his Declination is 20 deg. 30 min. 
North 3 but he riſeth and ſetteth ſo much to the Southward of the Eaſt and Weſt, when 
his Declination is much South. 
In the Right Angled ſpherical Triangle LSC, having the Angle L CS, the Comple- 
ment of the Latitude of 38 deg. 32 min. and L'S the ſuns Declination 20 deg. 30 min, 
(in 1 deg. 18 min. of Gemsns ) his Amplitude by Calculation may be found thus. 


'As the Co-ſineof the Latitude 51 deg. 28 min. LCS— —— 


— 979447 
is to the Radius go deg. — —— -10 

So is the Sine of the Declination 20 deg. 3o min. L S — 4 
to the Sine of the Amplitude CL 34 deg. 12 Mmin..——_ ——974985 


This is in common uſe for the finding of the Variation of the Compaſs at Sea, by 
comparing the Coaſt, or Amplitude of the Sw, obſerved by an Amplitude or Azimuth- 


Compals at the Sun: riſing or ſerting, and by his Amplitude (found by this proportion) 
the dilference ſheweth the Variation, ; 


Example. 
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Example, Admit you cterved the Suns Amplitude of Sun riting, by your Compaſs de- 
ſcrib:d 1n the firit Chapter and fitth Book of this Treatiſe, 
By the ompals, tne Magnetical Amplitude 45 dep. 55 min. North-caſterly. 
By thc &ules heforegoing find the true Amplitude, 34 deg. 40 min. North-caſterly. 
$udtract tie leſs out of the greater, the difference -1 1 deg. 15 min. Variation, 


Ard by reaſon the Magnctical Amplitude is farther from the North at Sun riſing than 
the true Amplitede 3” therefore the Variation 11 deg, 15 min. (which is one Point) is 
Weſterly ; and it you are bound to a place that bears N. of you, you muſt ſail N. by E. 
or if you bzar Weſt, you muſt ſail Weſt and by North; and if South, the Courſe muſt 
be South by Welt; or if you bear Eaſt, then the Courſe muſt be Eaſt by South; and ſo 
of all the reſt of the Points you muſt aJlew in like manner. But admit the Maguetical 
Amplitude ar Sun ſetting obſerved by the Compals were 2 3 deg. 25 min. from the welt to 
ward the North, and the true Amplitude found to be 34 deg. 40 min. the ſame way 
the difference is 11 deg. 15 min. and by reaſon the Magnetical Amplitude at Sun-ſet is 
tarther from the North than the true Amplitude, the Variation is Eaſterly ; and ſo the 


North Point of the Compais is the N by E, and NEisNE byE, andEisE by S, and 
Suuth is $ by W, and W is W by N. 


PROB. 3 Having the Latitude of the Place, and the Suns Declination, to find the time 
when the Sun cometh to be due Eaft or Weſt. 


N the Parallel of Declination 20 deg, + northerly the hour from ſix is repreſented by 
S M, with that extent upon the Point X draw the Arch 6, the Ruler laid from C to 
touch the ſaid Arch, cuts the Circle at (e,) the diſtance O e applied to the Line of 
Chords ſheweth 17 deg. + min. it converted into Time is 1 h. 9 m. and fo much after fix 
in the Morning, and before ſix in the Afternoon, will the Sz be due Eaſt or Weſt. 
Suppoſe the Latitude 5i dep. 28 min. and Declination North 20 dey. 3o min. there- 
fore in the Right- Angled Spherical Triangle Z NM are given' (1) ZN the Comple- 
ment of the Latitude 3$ deg. 32 min- (2) NM the Complement of the Suns Declina- 
tion 69 deg 30 min. Then I ſay, | 
As the Radius 90 is in proportion 10 
To the Co-tangent of N M the Compl. of the Declination 69 d. 30 m. -—— 957274 
ſois the Tangent of Z N Compl. of Latirude 38 deg. 32 min.—-—— 990112 


To the Co-ſine of ZNM 17d. 19 m. which reduced is 1 h. 9 m. of time 947356 


Which 1 h. 9 m. added to 6 h. is 7 h.g m. the time in the Morning the Sun will be due 
Eaſt ; and if you ſubtract i h, 9 m. from 6 h. 09 m. and the Remaia will be 4 h. 5: m. 
the time in the Afternoon the Sun will be due Welt. 


PRO B. 9. The Elevation of the Pele, and the Declinatian of the Sun being given, tofind 
the Suns Altitude being due Eaſt or Weſt. 7 


Ake the extent C M on the Vertical-Circle, and apply it to the Line of Sines, and it 

will reach to 26 deg. *, aad ſo much is his Altitude ſought in Summer ; if the Suns 

Parallel of Declination T M doth not meet with the prime Vertical Circle CZ, the Sun 
cometh not to the Eaſt or Weſt, as it hapneth in Countries betwixt the Tropicks. | 

In the former Diagram, the Suns Altitude when he is due Eaſt and Welt, is ſhewed by 

the Arch C M, wherefore in the Triangle C V M we have given (1) the Suns Declinati- 

on V M 20 deg. 3o min. (2) the Angle of the Poles Elevation M CV $51 deg. 28 min; 

to find his Altitude CM 1 ſay, 


A——— A— 


_ — — — 


As the Sine of the Latitude 51 deg. 28 min. U CM _ 989334+ 
is to the Sine of the Declination 20 deg, 30 min. U M———— 954432 
So is the Radius 90 deg, ———=__10 
to the Sine of the Altitude 26 deg. 35 min. C M——- 965098 


PRO B. 10. The Elevation of the Pole, and Declination of the Sun being given, to find 
the Suns Altituile at the Hour of Six. 


Ake the neareſt diſtance from $ to the Horizon C L, and apply ic to the Line of 
Sines ſheweth the Altitudeto be 16 deg. and fo much is his Depreſſion under the 
Horizon at ſix, when he hath South Declination ” deg. 30 min. in Northern LAGUNEE. 

| tug 
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Orem 


inthe Triangle ZN, C1.) The Complement of the Latitude Z N 38 deg, 32 min 
(2.) The Complement of the Suns Declination NS 69 deg. 30 min, to find the Hypo. 
thenuſe Z $3 therefore 1 ſay | 


- AS the Rading— ——— — — —— — — —— 
To the Co-ſine of 69 deg. 30 min. N S——- —— 
ſo is the Co-ſine of 38 deg. 32 min. Z N— ——9934 
To the Co-ſine Z S the Compl. of the Altitude 74 d. 6 m. <-—— 943766 


Whoſe Compl. is 1 5 deg, 54 min. the Suns Altitude at the hour of ſix, when the De. 
clination is 20 deg. 30 min. North, in the Latitude 51 deg. 28 min. Extend the Com. 
paſſes from Sine 90 deg. to Sine 20 deg. 3o min. the ſame extent will reach from the 
Sine of the Latitude 51 deg. 28 min. to the Sine of 15 deg. 54 min. 


PROB. 11. Having the Latitude of theplace, and the Declination of the Sun given, to 
_ find the Suns Azummh at the hour of ſix, 


THis is repreſented by V Z in the Parallel of Altitude of the Sun VSB; pricky 8 

from C to W, and from thence with the diſtance V S draw the Arch at þ and lay 

the Ruler from C juſt touchiog the ſaid Arch, it cuts the Circle in Y ; the diſtance H y 

. meaſured on the Chords ſheweth the Azimuth to be 13 deg. and ſo much is the Sun to 
the Northwards of the Eaſt or Weſt at the hour of fix. 

In the Right-Angled Spherical Triangle Z N $S of the general Diagram, we haye 
known firſt, Z N, the Complement of the Latitude 38 deg, 32 min. (2) NS the 
Complement of the Suns Declination 69 deg. 3o min- to find the Azimuth of hour of 
ſix, repreſented by the Angle NV ZS, I ſay, 


As the Radius wenn ———s — 10 
to the Sine Compl. of the Latitude 38 deg. 32 min. ZN——-———-——979447 
Sois the Co-Tangent of N S 69 deg. 30 hin. —— —-—— ———95774 


to the Co-tangent of N ZS the Azimuth from the North 76 deg. 54 m- 936721 


Or extend the Compaſſes from the Radius to the Co-ſine of the Latitude, the ſame ex- 
tent will reach from the Tangent of the Declination, to the Tangent of the Azimuth 
13 deg. 6 min. from the Eaſt or Weſt Northerly. 


PROB. 12, The Latitude of the Place, the Suns Declination and the time frem Noon 
being given, to find the Suns Altitude. 


F* the Latitude 51 deg, 28 min. North, the Suns Declination 23 deg, 31 min. North or 
South, to find the Smns Altitude at any hour. 
By the Orthograpbick Projeftson. | 

The the Chord of 60 deg. and deſcribe the Arch H T P, draw the Horizontal Line 
HCO, and from O to Pprick off the Chord of the Latitude 51 deg. 28 min. and from 
PandS to T and D, ſt off the Chord of the Suns greateſt Declination, 66 deg, 29 min. 
and draw the Parallels of Declination & D and d vs, and P C'S the hour of 1ix; then 
draw T C, which is the Ecliptick Line, and take off the Line of Sines, and prick down 


EET I or ow oat apa... + ont 


Ig I 

30f deg. 2 

45 > for the 3C from 6 before it, and afcer it upon the Ecliptick 
60\ Hours 4 

75 5 


Then take the neareſt diſtance from 15 deg. to CS, the hour of Six, or Axis, and 
prick it fromSto 5 and 7 ;, and likewiſe take the neareſt diſtance from 3o to CS, and 
lay itfromS to Sand; andin like manner do with the reſt, then will the neareſt di- 


ſtancefrom 4, 5, 6, 72 8, 9, 10, 11, to the Horizontal Line H CO be the Sines of their 
reſpeCtive Altitude Y 


4 ; I deg. 34 min. 
: deb mon 5lnth Summer will ted; 30 


18 I2 


wane much is the. S»w; Depreſſion under the Horizon at the hours of 8, 7 and 6 in 


The 
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| > 27 : 23 Fg | 
The Summer Alti- 8 36 : 42 The Winter Alti- 9g C & d. 2: 13 
are 


Fe -'; 38 
13 : 48 


tude for the hours 9/PareYas5 : 42 tude for the hours 10 
of 10 53 : 45k of 11 
: Il 59 : 42 
Example 2. Admit the Latitude were 51 deg, 28 nin. and his Declination 00 d. oo m. 
and the time from Noon is 2 hours 44 min. or 41 deg. oo min. and the Sus beitig upon 
' the EquinoCtial, 
; In theStereographick Projection beforegoing, in the Triangle Z & K, we have gi- 
ven firſt A Z thediſtance from the Zenith to the Equator, equal to the Latitude of the 
Place, 51 deg. 28 min. Secondly, X K the Sues diſtance from the Meridian 41 deg. to 
find Z K the Complement of the Suns Altitude. - 
The Operation by the Logarithms. 
As the Radius 90 deg. =” rs nm nn rn nn —— 

is to the Co-ſine of the Suns diſtance from the Merid. 41 deg. o min, A K———997778 
$0 Is the Co-ſine of the diſtance from the Equat. to the Zen. 51 d. 28 m. A Z—979447 


to the Co-ſine of Z K 61 deg. 58 min = — 967225 
Whoſe Complement to go deg. is the Altitude 28 deg. 2 min. which was required. 
Example. Let it be required to find the Suns Altitnde at 10 a Clock and 2 min. before 

Noon, when the Sw is in 1 deg. 18 min. of Genin the Declination being 20 deg, 30 m- 

northerly in the Latitude 51 deg. 28 min. north. | 
In the Scheme of the Stereographick Proje&. foregoing in the _— Z ©,we 

have known, (1.) Z N the Complement of the Latitude 38 deg. 32 min. (2.) N ©, the 

Complement of the Suns Delination 69 deg, 30 min. (3.) the comprehended Angle Z N 

©, the diſtance of the Su# from the Meridian 29 deg. 3o min. to find Z ©, and hereby 

the Swrs Altitude 92 ©, I ſay, | 


As the Radius go > _—— > — - — —c— 
is to the Co-Tangent of the Latitude 51 deg; 28 min. N Z———- 99C112 
Sois the Co-ſine of the Angle from the Meridian 29 deg 3o min. Z N © ——993962 
to the Tangent of the fourth Ark 34 deg, 43 min, —— — — 94974 


From the Complement of the Sans Declination 69 deg. 30 min, ſubſtraCt 34 deg. 43 


mia. there remains 34 deg. 47 min. the fifth Ark. | 
Co. Arith, 
As the Co-ſine of the fourth Ark 34 deg. 43 min. — ——-———co$ 14 
i5 to the Co-ſine of the Latitude 38 deg. 32 min. Z N—— —— ———989334 
So the Co-fine of the fifth Ark 34 deg 47 min. 99145! 


to the Co-ſine of Z © 38 deg. 36 min, ——————— x989299 
| Whoſe 


—C———_—__—— 


- 
48 I" , 
= 
: "x7. 
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Whoſe Complement to 90 deg, is 51 deg. 24 min. the Swns Altitude above the Horizon 
being in 1 deg. 18 min. of Gemini in Latitude of 51 deg. 28 min. north. 
Suppoſe the Sun in 1 deg. 18 min. of Sagittarius, having South-Declination 20 dep, 
30 min. and the h. 1 59 min. 52”, Afternoon. 
[n the Scheme of the Stereographick ProjeCtion before-poing, in the Oblique-Aneled 
. Triangle.Z N ©, 1. NZ the Complement of the Latitude 38 deg. 32 min. 2. ©, 
110 deg. 30 min. the diſtance from the North-Pole, 3. The AngleZN © 29 deg, 58 
min. to find the Z © the Complement of the Suns Altitude to 90 deg. 


The Operation. As the Radius 90 — PIN SEO 


= = —— 0 
is to the Tangent of NZ, 38 deg. 32 min, —— —— —— —————ggat2 
So is the Co-ſine of the Angle, Z N ©, 29deg. 58 min. - —9 93768 


ro the Tangent of 34 deg. 36 min. the fourth Ark,—— —---——.——g$3855 


From the Ark N © r1odeg. 30 min. ſubtraCt the fourth Ark 34 deg. 36 min. and 
there remains 75 deg, 54 min. the fifth Ark. 


A | Co- Aruth, 
As to the Co-Sine of 34 deg. 36 min, om mn nn nm 045, 
Is to the Co-Sine of ZN 38 deg. 32 hin ———— —- — ——-— 989334 


So is the Co-Sine of the fifth Ark q © 75 deg. 54 Min.———— ——-—93869 


to the Co-Sine of Z © 76 deg. 37 min. _ — == nn 936457 
Now the Complement of Z ©, is 13 dep. 23 min. which is the Suns Altitude required, 


PROB. 13. The Suns Altitude, the time from Noon, and the Declination being grven ;, to 
find bis Azimuth, 


Exatmp. os the Sans Altitude 51 deg. 12 min. the time 9 ho. 49 min. 52 ſecondsin the 
_ if Forenoon, and the Suns Declination 20 deg. 30 min. north, to find his 
the Stereo- Azimuth. ; , x | 
graphick [In the Oblique ſpherical Triangle Z N ©, we have known. 1. Z © the Complement 
Proje&ion of the Suns Altitude 38 deg. 48 min. 2, The Angle ZN © 29 dep. 58 min. the Suns di- 


+ ©” ſtance from the Meridian. 3 The Complement of the Suns Declinatiun N © 69 d. 30 
ow Operation. | 


—_—— 


Co. Arith, 

As the Co-ſine of the Altitude 38 deg. 48 min. Z ©—————— C2030 
is to the ſine of the Angle from the Merid. 29 deg. 58 min. Z N © —— — 959 $53 
So is the Co-ſine of the Declination 69 deg. 3o min. N © cement 997159 
to the Sine of the Suvs Azimuth NZ © 13 dep. 42 min.———— Re nes 


The Azimnth from the North. Example 2. mY 

Now admit the Altitude were 13 deg. 23 min. the time 1 hour 59 min. 52 ſec. after 
noon, and his Declination ſouth 20 deg. 3o min. 

In the general Diagram of the Stereographick, Projeftion you have in the Oblique-Angled 
ſpherical TriangleZN ©, 1Z © the Complement ot -the Suns Altitude 76 deg. 37 min, * 
2. The Angle ZN © 29 deg. 58 min. his diſtance in time from the Meridian. 3.N©O 
110 deg. 39 min. the diſtance of the Sun from the north Pole. 


To find the Angle N Z © the Suns Azimuth from the North. | 
The Operation. Co- Arith, 
As the Co-Sine of the Altitude Z © 76 deg. 37 min.- ———O01196 


is tothe Sine of the Angle from the Merid. ZN © 29deg. 58 min. —— — 969853 
So is the Co-Sine of the Polar diſtance N © 110 deg. 3o min. —— 997159 


to the Sine of the Suns Azimuth N Z © 1521 deg. 16 min, ——-. x968208 


PRO B. 14. The Latitude of the place, the Suns Declination and bis Altitude 
to find the Suns Azimuth, 


Example. 1. FN theLatitude 51 deg. 28 min. N, the Suns Declination being 20 deg: 

30 min. N. and his Altitude 51 deg. 12 min. to find the Suns Azimuth. 

In the former Diagram, in the Oblique-angled Triangle Z © N, there are given the 

three Sides, Z N 38 deg. 32 min. the Complement of the Latitude, N© 69 deg. 30 

min. the Complement of the Declination, and Z © 38 deg. 48 min. the Complement of 
the Altitude, to find the Angle N Z ©, the Suns Azimuth from the North. 


being given, 


Tye 
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T1 6 The Operation by the Logarithms. | Thar 
- OE N 39 deg, 32 min. Co-Arith. Sine—— —=———=- 0.20353 
The containing Sides 4 7 © 38 => 48 min Co-Arith. "= Hay 5-4 


he oppoſite ſide N © 69 deg. 30 min. half Sum, ,73 d. 25 m. Log. Sine=—9.,98155 
he Sum of the 3 ſides 146 d. 50 m. Remain. or Dit. 3d. 55 m. Log, Sine—$.83445 


The half Sum 73d. 25 m. Sum of the 4 Logarithms— — -—— 19,22454 
The Diff. of the oppoliteg C. 65 d. 50m. half Sum 9.61227 
ſide from the half Sum, - 65d. 50m. which doubled — 
called the Remainder, — ; 
3 deg. 55 min, is 131 deg. 40min. the Suns Azimuth from the North. 


W hoſe Complement to 180 d. 48 m. is the Azimuth from the South, 


Example. 2. In the Latitude 51 d. 28 m. North, the Suns Declination being 20 d. 
30 m. South, and his Altitude 13 d. 23 m. to find the Swns Azimuth. 

In the former Diagram, in the Oblique Triangle Z © N (where the Declination is 
Southerlz) there 1s given the three ſides, N Z 38 deg. 32 m. the Complenient of the 
Latitude, Z © 76 Ceg. 37 min. the Complement of the Altitude, and N © 110 deg. 30 
min» che Swns diltance fxom the north Pole, to find the Angle N Z ©, the Swns Azimuth 
from the north. 


T he Oper ation by the Log arithms. 


cas $633 deg. 32 min. Co-Arith. Sine———— 0.20553 

The containing Sides {7 © 76 deg. 37 min. Co-Arith, Sine— — 0,01196 
The oppoſite ſide N © 110d. 30 m. half ſum 112d. 49 m. Log. Sine——9.95461 
The ſum of the 3 ſides 225 d. 39m. Remain. 2 deg. 19 m. Log. Sine——8.560662 


The half ſum, 1124.49 m. Sum of the 4 Logarith. 18.78872 
The Remiaind. oppoſite de) The half ſum, which is Sc. 75 d. 39 m. 9.39436 
being ſubtracted from ef which doubled 75d. 39m. _— 
half ſum 2d. 19 m. is the Suns Azimuth 151 d. 18 m. from the North. 


Whoſe Complement (to 180d) 28 d. 42 m. is the Azimuth from the South. 
By the S«ns Azimuth and the Magnetical Azimuth, you may find the Variation of the 
Compals. 


Example. Admit the Magnetical Azimuth in the Afternoon is —£.59 d.33 m. Welt; 
And the Suns Azimuth is —-— - _—_— $.48d.18 m, Weſt. 


The difference is the Variation - - —11d. 15m. 


And the Magnetical Azimuth being nearer to the North than the true Azimuth by 1 1 


deg. I5 min. (which is one Point of the Compaſs) ſhews the Variation to be one Point 
Welterly. 


And ſuppoſe the Courſe by the Compaſs be Eaſt, the true Courſe is Eaſt by North. 
Mr. Boroughs obſerved in the ) The Magnetical Rumb———- 90d, oo'm:; 


Year 1580, the Variation\ Subtract the Variation Weſterly ——— 11d. 15 m: 
119. 15m.Eaſterly in Lime- a 


Houſe-Frelds near London. ) there remalns the trueRumbN E 78 d.45M. 
Mr. Gunter in the Year 1622 in the ſame place found the Variation 6 deg. 1 5 min, Ealt. 


Examp. 2. Suppoſe the Magnetical Azimuth b—— — —- ——$.37d.o3 m. Weſt. 
And the Suns Azimuth be———— — —— ————,,d.18 m. Weſt: 


SubtraCt the leſſer out of the greater, the difference——-——-——11 d. 15 m. 


And in regard the Magnetical Azimuth is farther from the North than the true Azi- 
muth by 11 deg. 15 min. therefore the Yariation is Eaſterly one Point, and conſequently 
all the Points ſtand 11 deg. 15 min. or one Point tothe right hand of their true Places ; 
and therefore, to make good a North Courſe, ' you mult ſail by your Compaſs N by W 
and an Eaſt Courſe, ſail E by N, and a South Courſe, fail Sby Ez and to make good a 
Weſt Courſe, fail W byS; and fo it is to be underſtood of all other Courſes. | 

The Year 1666 at Briſtol, in Rownam Meadows, \Mr. Philip Stainard, my ſelf, and ſome 
ether Friends, Maſters of Ships, took with us a Quadrant (deſcribed in the fifteenth 
Chapter of the Second Book) of 20 Inches Semidiameter, and one Needle, andone Azi- 
muth Compaſs, (deſcribed in the firſt of the Fifth Book) the Needle about nine Iaches 
long, and la the Afternoon we made theſe Ig following, Ro 
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cars | Variztion PROB. 15. To find the Altitude of the 5,4; 


Suns | Magnetic. | $ the ſhadow of a Gnomon ſet Perpendicular to 
Alticade. [ot _ pets, x4 Heim b the Scale, alſo by Trigonomerry, 


Gr. M. |Gr. M. | Gr. M. |Gr. M. Ith your Compaſſes on a piece of Bod, 
« Gen | \ deſcribe the Circle AB CD, place ix 

44 20172 09170 38101 22] g,52ontal with a Gnomon Perpendicular there- 
39 30|80 ' 00[78 24Jjor 36 to, in the Centre O croſs it with two Diameter 
| at right Angles ; then turn the Board, until the 

z3t 50 99 00188 26| t 34] q,dow be upon one of the Diameters,and at the 


27 42|95 09193 36, 1 24 end of the ſhadow make a Mark, as here at E 
—| lay down alſo the length of the Gnomon trom 
I 37! the Centre on the other Diameter from O toP, 

draw a right Line from EtoF, asEF H; then 
with the Chord of 60 deg. ſweep the Arch G H upon Eas a Centre ; app'y the diſtance 
G H onthe Arch to your Line of Chords, and that will give you the Altitude of the 
Sun required, which in this Example is 53 dez, 


23 20[103 1h (ae: 23 


Operation. As the parts of the ſhadow 28 ER CHE 144716 
are to the parts of the Gnomon 37 — — — 56820 
So is the Radius —— —— _ — — 1 000000 
to the Tangent of 52 deg. 53 min. — — — —— 1012104 


———— —————————_ 


So the Pin or Gnomon OF. 
being 37 equal parts, and the 
ſhadow OE 28 ſuch parts, the 
Altitude is found 52 deg. 53 min, 
or the Gnomon being 28,and the 
ſhadow 37 parts, the Altirude 
will be 37 deg. 07 min. or the 
ſhadow being 83, the Gnomon 
or Stalf 100, the Angle will be 
50 deg. 18 min. the Altitude of 
the upper ed» of cheSun orAngle 
HE G; from which, taking the 
Semi-d1amerer of the Sun 16 
min. there remains 50 deg, 2 
min. the Alrticude of the Centre 
of the Sin. After this manner, 
if you obſerve the greateſt Me- 
Ti91an-Altitude of the Sur the 
x11thof June, and rob of De- 
eember, you ſhall by rhe diffc. 
rence of them find the diſtance 
\ Of the Tropicks; the great- 

eſt Declination of the Sun, the Elevation of the Equator, or the Latitude of the Place. 
Example at London. Suppoſe the Suns Merid. Alt. taken Jane 11. 1676 619.59 : 30! 


The Suns leaſt Meridian-Altitude taken December 10 14 : 56: 30 
The diff. is the diſtance of the Trop. of which take the half 47 : 03:00 
Which is the Suns greateſt Dec. ſubtra& from the greateſt Alt. 23 2.312 30 
Leaves the Elevation of the Equator, 2 : 383 -» 


Whoſe Complement is the Latitude of the Place. oe, $1 : 32a: 0. 
PROB. 16. Having the Latitude of the Place, the Suns Declination, and the Suns Altitude, 
| to find the hour of the day. 

y Rule by the Logarithms is thus z Add the Complement of the Suns Altitude,and 
| the Complement of the Suns Declination, (for diſtance of the Sun from the Eleva- 
ted Pole) and the Complement of your Latitude together, and from half che ſum there- 
of ſubtrat' the Complement of the Altitude, and note the difference. Thus in our La- 
titude of Briſtol 51 deg, 28 min. the Declination of the Sun, being 20 deg, 30 min north- 
ward, and the Altitude 51 deg. 12 min. I find the hour from the Meridian, as tollows. 


Altitude of the Sus 51 d. 12 m. the Compl. 38 d. 48 as the Radius 10 
Declination north 20 : 30 


+ 


Ths 


— —— 
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The diſt. from the Pole 69:32 toSine cf the Polar diſtance — 997159 
Latitude north Ft : 28, Comp1|. 38 : 32 {o 15 the Sine Compl. of Lat.-- 979447 
The ſum of all three 146: 50 toa fourth SINC———.——-975506 
3 The half ſum ——--- 73 : 25Asthe 4 ine I5'to the ſine of half ſum90$155 
The difference — 34 2 37 ſois the line of the dif. — 975441 
1883596 
. To a ſeventh Sine, to which add the Radius —— ——— 1 96995 
And take the half - — — —— 993495 
Which is the Sine Compl. of 15d. om. 
Which doubled is 30d. 0 m. or 2 hours from noon; 


PROB. 17. Having the Azimuth of the Sun, the Altitude of the Declination; to find 
the bour of the Day, © 
He Declination 20 deg, 3o min. north, the Altitude 51 deg. 12 min. the Azimuth 
T from the north 1 31 deg. 42 min. to find the hour from Noon. 
Operation, As the Co-ſiae of the Declination 69 deg. 39 min. 


= HPT0 


is tothe Sine of the Azimuth 131 deg, 42 min. — 98731t1 
$9 is the Co-ſine of the Altitude 38 deg. 483 min. —— -—- 979599 
to the Sine of the hour 29 def. 58 mi—— ———————7967010 


Which is 1 hour 59 min. 52 ſeconds — — gt 


PROB. 18. How to find the Right Aſcenſion, and the Declination of 4 $; ar, 
Longitude and Latitude thereof. | 
He Mouth of Sirius, whoſe Longitude is 9 deg- 32 min, 69 ſeconds, Laticude 39 
deg. 30 min. ſouth, to find the Right Aſcenſion and Declination. | 
To Projet the Sphere Stereographically, draw the Meridian with a Chord of 59 
you may mark the Horizon H O, and Vertical Z N; then ſet the Latirude 51 deg. 23 
min. from O to N, from H to'S, and from N to Q, and fromZto X&, anddraw the 
EquinoCtial Line A CQ, then take the diſtance of the Pole of the Ecliptick, from the _ 
Pole of the World 23 deg. 31 min. and prick it from N P, from Z to Capricorn, from $ 
to A, and from Q to Cancer ;, then draw the wag 0 Line vs, C, Cancer,on which you 
muſt put the Longitude or diſtance of the Star, from the next EquinoCtial Point, as in 
this Example 3 the Star in the Mouth of the great Dog or Sirius, his Longitude is 9 deg. 
32 min. of Cancer, and his Latitude is 39 deg. 30 min ſouth, rake 9 deg. 32 min. out of 
50 deg, the remain is 80 deg, 28 min. the diſtance of the Star from the next Equinottial 
Point C, prick that from Cto K on the Ecliptick, and draw the Circle of Longitude 
PKS, then prick the Latitude 39 deg. 3o min. from Capricorn to D, and from Cancer to 
F fronrthe Chords ; then take the ſame from the half Tangents, and prick it from C 
to M, and draw the Circle of Latitude of the Star Parallel to the Ecliptick, as DMF, 
and where this Parallel cuts the Circle of Longitude, 2s at Sextzle, that is the place of 
the Star ; then draw the Meridian Circle fromthe north Pole through Sexr:!e to the ſourh 
Pole, and it cuts the EquinoCtial in R3 meaſure C R on the Line of balf Tangents,and it 
ojVEs 82 d. 31 m. the Complement to 180 d. is 97 d- 39 m. the Right Aſcenſion deſired. 


Ko ER Now to find the Declination 
; | of the Star; lay a Ruler over 
P and the Ecliptick at K, and 


WY 


a Chord of go deg. and prick 
vy Ia. 


ir from L top, lay a Ruler over 
W 
'H Duc 


—  ——— OO 


having the 


deg. 


p andP,andit will gut the Eclip- 
tick in Mars ; 1 e Ruler 
over Mars, and Sexrile, and ir 
cuts the Limb in e ; meaſure Q 
e on the Line of Chords, and 
PL l It is 16 deg. 14 min. the Stars 
| - {<v Declination required. 
D - Operation. Take g deg. 32 m. 
xX#- the Longitude of the Star, out 
4 of $0 deg. there remains 80d. 
I 1 > _ m. - ce from the next 
O ; | quinoCtial Point ; which bein 
EEE ll known, the firſt Operation yy 
<A + As 


Py 
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AS Radius —— —_ — —————ERRCRR—————— 


is to the Sine of the Stars Longit. ſrom the next EquinoCtal Point 8o d, 23 m.-999356 
So is the Co-Tangent of the Stars Latitude 39 deg. 3s min —— 


ro the Tangent of the fourth Ark 50 deg. 6 min —- = ——1007ſ; 

Compare this fourth Ark with the diltance betwixt the Poles of the Ecliptick, and the 
Poles of the World 23 deg. 31 min. if the Longitude and Latitude of the Star be alike 
a5 in the north Signs, 4 & 1t © & "NF, and the Latitude on the north ſide the Eclip- 
tick ;or if the Longitude be among the Southern Signs, as = M / V$ = X, and the La- 
tirude ſouthward then ſhall the difference betwcen the fourth Ark found, and the gi. 
ſtance of the Poles be your fifth Ark. But if the Longitude and Latitude ſhall be unlike, 
as it is in this Example 3 the Longitude ia a northern Sign, and the Latitude ſouth; or 
the Longitude in a ſouthern Sign, and the Latitude north, then add this fourth Ark; 


found, to the diſtance of both Poles 23 d. 31 m. the ſum of both ſhall be the fifth Ar, 
Then ſay, as theSign of the fourth Ark 50 deg. 6 min.——— 


10c83%g 
Cm 


— 938489 
is to the Sine of the fifth Ark 73 deg, 37 min. — —— —- ———— —— g98:00 
So is the Tang, of the Stars Long. from the next Equin. Point $0 d. 28 m.—2077,84 


to the Tang. of the Stars Right aſcen. from the next Eq. Point 82 d. 21 M.—2075684 
Which ſubtract from 180 leaves 97 d. 39 m. the Right af. of Sirixs required —-1087; 95 


To find th#®Declination, 
As the Co-ſine of the fourth Ark 50 deg. 6 min. 


is to the Co-ſine of the fifth Ark 73 deg, 37 min. 


Oe "oC 
So is the Sine of the Stars Latitude 39 deg. 30 min.——. - Mag 


— 


—— — 580716 


1925355 
to the Sine of the Stars Decl. required 16 dep. 14 min. — —94466g 
PROB. 19. The Latitude of the place, the Meridian Altitude of an unknown Star, and the diſtance 
thereof from a known Star being given, to find the unknown Stars Right Aſcenſion and Declination, 
Irſt, by the unknown Stars Meridian Altitude, you may ticd his Declination, by the 
F following DireCtions. If the Star Culminate upon the South part of the Meridian in 
North Latitude, or upon the North part of the Meridian in South Latitude, ſubtratt the 
Complement of the Latitude of the place, from the Stars Meridian Altitude, the Remaindec 
is the Stars Declination, Northerly in North Latitude, and Southcrly in South ; but ifthe 
Complement of the Latitude exceed the Meridian Altitude, ſubtraft the Meridian Alti- 
tude from the Complement of the Latitude, the Remainder is the Stars Decligation, Sou- 
therly in North Latitude, and Northerly in South : Bur if the Star Culminate upon the 
North Part of the Meridian in North Latitude, ' or upon the South part of the Meridian 
in South Latitude, above the Elevated Pole, then ſubtra the Meridian Altitude from 180 
deg. and from the Remainer ſubtract the Complement of the Laticude, the laſt Remainer 
is Declination, Northerly in North Latitude, and Southerly in South ; bur if the Star 
Culminate under the Elevated Pole ;, tothe Meridian Altitude add the Complement of the 
Latitude, the ſum is the Declination, Northerly in N. Latitude, and Southerly in S. 
Exam.1577. Noble TychoBrahe found the Declipation of the northern Star in the breaſt 
of Pegaſus to be 22 deg. 26 min, Northerly, and irs diſtance from the Eagles heart 4.5 deg. 
31 min, whereby the right Aſcenſion may be found, as follows: In the Oblique Trian- 
le FOL in the following Scheme, there is given the three ſides FL the Complement of the 
Pectination of the Eagles heart 82 deg. 08 min. FO the Complement of the Declination 
of Pegaſus breaſt 67 deg. 34 min. and LO the diſtance between them 45 deg. 31 min. to 
find the Angle L FO, the difference of the Right Aſcenſion of the two Stars. 
Toe Operation by the Logarithms. 


F L 824d. c8 m. Sine Co-Arith. 0.00411 
The containing ſides q x; 5 67 34 Line 3 = EIUDD 469 + 8 
The oppoſite ſide LO 45 31 half Sum97. 36 Sine Log. —9.99618 
| — —— Remain. 52. 05 Sine Log, ——- 9.89702 
Sum of the three ſides 195 13 RW 3 RA 
ms Sum 19. 93148 
The half ſum 97 36 | —  — 
— —— Sine Compl. 22 d. 28 m. Half Sum 9.96574 

T he Remainer 


52 of Doubled ' 22 28 — 
Gives theAngle LFO 44 56 _ 
W hich 
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"Which is the difference of the | Pn 


Right Aſcenſion of the two Stars, P 
and added to the Right Aſcenſi- | F' 
on of the Eagles heart 292 deg. - ON | ; 
25 iAn.the ſum 337 deg.z1 min. ” \ 


is the Right Aſcenſion of the 
Star in Pegaſus breaſt, which 
was required. 


of the Parallax of Altitude of the 


Sun, Moon, or Stars. 


HE true Altitude of the 

Sun, Moon, or Stars,ought 
to be obſerved in the Center of 
the Earth, (if poſlible) whereto 
the Tables are conformed ; but 
becauſe we dwell upon the Su- 
perficies of theEarth,above 5020 
Engliſh Miles from the Center of | 
the Earth 3 therefore the Planets ' 
ſeem lower to us- than indeed | . 
they bez and therefore to -re- i 
preſent the the true place of the 


Sun, Moon, or Stars, you muſt draw a Right-Line from the Centre of the Earth; through 


the Centre of the Sun, Moon, or Star; but the apparent place is determined by a Lines 
drawn from the Eye through the Centre of the _— E : 


A Figure or Scheme ſhewing what the Parallax, or diverſity of Aſped is 
A 


— — * w + 1 


In this Figure C denotes the Centre of the Earth. 


D the Place or Superficies of the Earth, from whence the Sun, Moon, or Star is ſeen: 
C © and &,, their Place in their Orbs. m— 


Col COM, CN, the Lines of their true Place. | 

DG3G, DOK, D CM, the Lines of their viſible or apparent Places. 

Hence the Angle made by the InterſeCtion of the ſaid two Lines through the Body of 
the Planet, is the Angle of Parallax, that is to ſay, in & the Angle C # 2, which is equal 
tothe Anglel & G, inthe © the Angle of Parallax, is the Angle C © D; and latitly, 
in the Moon it 15 the Angle C « D, or N « M. By this it is manifeſt, the nearer a Star 
to the Centre of the Earth, and the leſſer the Alticude above the Horizon, the greater is 
the Parallax 3 and hence it is, that the Orbit of the Moon being neareſt to the Earth, her 
Parallax is greateſt, and moſt perceptible, becauſe the Semidiameter of the Earth bears 2 
ſenſible proportion to the Semidiameter of the Moons Orbir, though it be very little, or 


nothing at all in compariſon of the Orbs of h 24, and the fixed Stars, which is cauſed by 
the vaſt diſtance which is between them. 


The End of the Sixth Book. | 
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The Art of Dialling. 
Book. VII 


The Fundamental Diagram of the Dialling-Scale. 


He Diagram of the Gnomical Scale I have deſcribed, Book 2. Chap. 3. to which 

I refer you. I ſhall only enumerate the Lines on the Scale. There are fix 

; Lines on this Inſtrument. T, A Line of Chords. 2. The Gnomon Line, or 
Line of Latitndes. 3. A Line of fix Hours, for drawing the Hour-lines in any Dial, 
divided into every 10 Minutes. 4. A Line of the Inclination of Meridians. 5, and 6. 
Two Lines for the inlarging the Hour-lines : The greater is marked with 4-; the leſſer 


is marked with —, called the greater and leſſer Pole for diſtinttion-ſake, and theſe 
Lines are divided into every 10 Minutes. . 


R £4, read this ; for 1 dare this defend, 
Thy ping Life on Dials doth depend. 

Conſider thon, how quick the Hour's gone ; 
Alive to Day, tg Morrow Life is done. 
Then uſe thy Time, and always bear in Mind, 
Time's Forehead hairy is, but bald behind. 
Here's that which will decline to thee, and ſhow 
How quick, Time runs, how faſt thy Life doth go. 
Tet be ingenious, learn the Praftich Part, 
And ſo attain to Praftice of this Art : 
Whereby you ſhall be able for to trace 

' Out ſuch a Path, where Sol ſhall run hu Race ; 
Hnd make the greater Coſumus to appear, 
According to each Seaſon of the Tear. 


" Of the kinds of Dials] 


AD Gnomoniques pertain to Aſtronomy, yet I think it not amiſs for the eaſe of 
the Reader to place theſe in a diſtint Book by themſelves. | 

Sun-Dials may be reduced to two ſorts. Some ſhew the Hour by the Altitude of the 

* Sun, as Quadrants, Rings, Cylinders; 8nd for the making thereof, you muſt know the 


Suns Altitude for any hgur and quarter for eyery Day, or at leaſt eyery Tenth Day of 


the Year. 

The other ſort ſhew the hour by the ſhadow of a Gnomon or Stile-Parallel to the Axis 
of the World, and of thoſe I treat chiefly in this Book. Theſe be all ProjeCtions of the 
Sphere, upon a Plane which lies Parallel to ſome Horizon on the Earth ; andif upon 
ſuch a Plane the Meridians be projefted, they ſhall ſuffice to ſhew the hour, without 
projeCting the other Circles, as the Ecliptick, the Zquator with his Parallels of Declina- 
tion, the Horizon with his Almicanters and Azimuths, which are ſometimes drawn up- 
on Dials more for Ornament than Neceſlity. 


Theorems premiſed. 


EF OR the better underſtanding the Art of Dialling theſe Theorems ſhould be known. 
; I, That every Plane whereupon any Dial is drawn, is part of the Plane of a great 
Circle of the Sphere, which Circle is a Horizon to ſome Countrey or other ; That the 
Center of the Dial, repreſenteth the Center of the Earth, and the Gaomon which caſteth 
the Shade, repreſenreth the Axis, and ought to point direRly to the two Poles. 

2. That theſe Dial-Planes are not preciſely in the very Planes of great Circles ; tor 
then they would have their Centets in the Center of the Earth, from which they are re- 
' moved almoſt 4000 Miles; and yet we may ſay they lie in the Planes of thoſe Circles, 
becauſe the Semidiameter of the Earth beareth ſo ſmall proportion to the Suns diſtance 


therefrom, that the whole Earth may be taken for one Point or Center, withour any - 


Tenſibk Error. | 3. That 
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3. Thar as all great Circles of the Sphere, ſo every Dial-Plane bath his Axis, which 
is a ſtraight Line paſſing through the Center of the Plane, and making Right Angles with 
it ; andinthe Axis are the two Poles of the Plane, whereof that above our Horizon is 
called the Pole Zenith, and the other the Pole Nadir of the Dial. - 

4. Thar every Plane hath two Faces or Sides: And look what reſpect or ſituation A 
the North Pole of the World hath to the one fide, the ſame hath the South Pole to the 
other ; and theſe two ſides will receive all the Hours of the longeſt Day : So that wha 
one Side wanteth, the other Side ſhall have; and the one is deſcribed in all things ag 
the other. | 

5. That as Horizons, ſo Dial-Platies are with reſ) pect tothe Equator divided into firſt, 
Parallel, ſecondly, Right ;-thirdly, Oblique Planes. 

6. A Parallel or Polar-Plane maketh no Angles with the Xquator, but is either one and 
the ſame Plane with it, or equidiſtant to it : that 1s, the Gnomon ſtands bolt upright on 
the Plane at Right Angles, asthe Axis of the World upon the Plane of the Xquator ; be- 
cauſe the Axis gpd Poles of the Dial are here all one withthe Axis and Poles of the World, 
and the Hour-lines here meet all at the Center, waking equal Angles, and dividing the 
Dial Circle ipto 24 equal parts, as the Meridians do the Aquator. 

7. A Right Horizon or Dial-Plane cuttech the Xquator at Right Angles, and ſo paſſeth 
through the Poles ofthe World, whoſe Gnomon is parallel to the Plane thereof, and fo 
the Hour-lines parallel one to another ; becavle infinitely extended will never approach 
each other : Yet have thoſe Dials a Center, though not from the meeting of the Hour- 
lines, but that through which the Axis of the Dial-Circle paſſeth, cutting the Plane at 
Right Angles. | 

8. An Oblique Horizon or Dial Plane cutteth the Zquator at Oblique Angles ; and 
hath for its, Gnomon the ſide of a Triangle, whoſe Angles vary according to the more or 
leſs Obliquity of the ſaid Horizon : and the Gnomon ſhall always make an Angle with 
the Plane, of ſo many Degrees as the Axis of the World maketh with the Plane, or as 
cither of the Poles of the World is elevated above the Plane. 

g. Every Oblique Horizon is divided by the Meridians or Honr-circles of the Sphere 
into 24 unequal parts; which parts are always leſſer,as they are nearer to the Meridian of 
that Horizon or Plane ; and greater, as they are farther off : and on both ſides of the Me. 


ridian of the _ the Hour-circles which are equally diſtant in time, and alſo equally 


H ſpace. Whench it is, that the diviſions of one Quadrant of your Dial-Plane being 
known, the diviſions of the whole Circle are likewite known. 


/ 
, 
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10 The Hour-lines in an Oblique-Dial, are the Sections of the Planes of the Honr.. 
Circles of the Sphere, with the Dial-Plane : And becaule the Planes of great Circles dv 
always cut one another in halves by Diameters, which are ſtraight Lines paſling through 
the common Center ; therefore Lines drawn from the Center of the Dial, to the Inter. 
ſe4zons of the Hour-circles with the great Circle of the Plane, ſhall be thoſe Seltions, 
and the Hour-lines of the Dial. 

t1, Every Dial-Plane being an Horizen to ſome place in the Earth (as was ſaid; 
Theorem 1.) hath his proper Meridian, which is the Meridian paſſing through the Poles of 
the Plane, and making Right Angles with the Plane. 1f the Poles of the Dial Plane lie 

 jn the Meridian of the Place, then is the Meridian of the Plane all one with rhe -|- 
Meridian of the Place, and the Gnomon or Style ſhall ſtand erefted upon the 

| Noon-line, or Lige of 12 a Clock, as in all direct Diais. But if the Plane decline, then 
ſhall the Subſt yle Line, or Line which the Gnomon ſtandeth vpon (which is the Meridian 
of the Plane) vary from the Line which is the Meridian of the Place; and this Varia- 
tion ſhall be Eaſt, if the Declination of the Plane be Weſt : And contrqrily, becauſe 
the Viſual lines, by which the Sphere is projeted on Dial Planes, do, like the Beams in 
a Burning -glaſs, interſe or croſs one another in a certain Point of the Gnomon (to be 
aſſigned at pleaſure) called the Nodus, and fo do all ſhadow themſelves on the Dial 
Plane, beyond the Nodus, the contrary way. 

12. Dials are moſt aptly denomivated from that part of the Sphere where their Poles 
lie, though ſome Authors have choſen to denominate them from the Circles in which 
Planes lie » as the Dial- Plane which lieth in the XquincCtial, (or parallel to it) is called 
by many an FquinoCtial Plane ; but 1 concur with thoſe who would rather call it a Polar 
Plane, becauſe the Poles thereof are in the Poles of the World. 


To make a Polar, commonly called an Equineitial Dial, and how to place it. | 
He Plone of the Polar Dial lieth in the A:quinoGtial, where the 12 Meridians or 
1 Hour-circles divide both the EquinoCtial and this Plane into 24 Hours or equal 
Parts 3 the Gnomon ſtands upon the Center at Right-Angles with the Plane. | 
Firſt, draw the Horizontal Line A B, and croſs the ſame at Right Angles with the 
Line C D : Now on the Center at C, with the Chord of 60 Degrees, deſcribe the Cit- 
ce ABDS, and about it make the SquareEFHI; then take out of the Line of Hours 
one hour, and lay it from each Corner, as E, F, H, I, both ways : Alſodo the like 
with two Hours, and from the Center at C draw Lines to thoſe Hour-poiats : So ſhall 
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ycu have the Hour-lines in the XquinoCtial Dial, C D being the Meridian or 12 a Clock 
Line, and A B the Eaſt and Welt Line, being for 6 in the Morning at B, and 6 in the 
Afternoon at A, and ſo number the reſt of the Hours in order : You need draw no more 
hours than from 4 in the Morning unto 8 at Night, for this Latitude of Briftol, being 
near 51 deg. 30 min. * 

For the Gnomon or Stile, you muſt have a ſtraight Pin or Wire ſet upright in the Cen- 
ter, of ſuch length as you ſee convenient z but if you will have itof ſuch a length, as to 
ſhew the Suns Declination, you may find it by the following direCtion. 


To find the length of the Stale, and Semidiameters of the Parallels of Declination by T r1gonometry 


If it were required to proportion the Stile to the Plane, ſuppoſe the Semidiameter of 


the greateſt parallel upon the Plane were but 6 Inches, and the Parallel ſhould be of 5 deg. 
of Declination, the Rule is, 


As the Tangent of 45 deg. —— ———  — 
Is to the Tangent of the parallel of Dedlination 5 deg, ——. 8.94195 
So is the Semidiameter of the Plane 6 Inches C 5 —— 0.77815 


To the length of the Stile 52 parts — ———— 1,700 
Which ſhews that the length of the Stile muſt be +5}. parts of an Inch. 


By the length of the Stile, to find the Semidiameter of the Parallel of Declination, 


Suppoſe the length of the Stile above the Plane to be 1 Inch, and you were to find the 
Semidiameter of the Tropick, whoſe Declination is known to be 23 d. 30 m. the Rule 
for this or any other Parallel of Declination, 


As the Tangent of 45 deg. —— OOF FELI IAEA A 


———— 10,00000 
Is to the length of the Stile 1 Inch —— - anon Coon 0.000G0 
So is the Co-tangent of Declination 23 deg. 3D min, ——— - mmm 10.6890 
Tothe Semidiameter of this Parallel 2 Inches 3% ——_—_—_——- 0.36170 


Which ſhews the Semidiameter of the Tropick to be 2 Inches-,.? *. So if the Declina- 
tion be 20 dey. the Semidiameter will be 2 Inches ,7: ; if 15 deg. then 3:27? ; if 10 deg, 
then 5:73 if 5 deg. then 11:4 z and ſoof any other height of the Stile. 

This Dial will ſhew the hour of the Day in all Latitudes, if-ir be ficted as in the fol- 
lowing Figure; that is, if two ſmall Pins be faſtned in the Hour-lines of Six on both 
ſides, ſo that the Dial Plane by moving thereon, may be inclined to any Angle, till the 
Gnomon thereof D F, point to the Latitude of the place, upon the Quadrant GDF ; 
which is numbred from G towards F with 10, 20, &c. to go degrees. 

Note, if the Sans Declination be Northerly, the hour is ſhewn by the ſhadow of the 
Gnomon on the upper ſide of the plane, but if Southerly, on the under fide thereof. 


To make the direit Fquinoitial Dial, or Polar Plane, 


HE ZXquinoQial Dial we call that 
which bath its Poles.io the Aquinoce 
tial Circle, of which there be three kinds. 

z. Thediredt os South ZXquinoctial Dial, 
which faceth the Meridian dir&tly, having 
his Poles in the lnterſeCtions of the Aqui- 
noCtial or Meridian. 

2. The Eaſt or Weſt ZquinoCtial Dial 
there are direct. 

3. Adeclining AquincQial Plane. 

How to make the hrſt of theſe, draw 
the Horozontal Line 4B, and in the midit 
at Cratfe the Perpendicular C D, which is 
the Meridian or 12 aclock Line. Let CD 


be equal to a Chord of 60 degrees. and 
through D draw the Line F E, parallelto AB; makealſo D E and C Bequalto D C, fo 


have you a Square CDEB. Now take one hour with your Compaſſes off your Scale, 
and Jay it both ways from E towards B and D, as E 1, E1, E2, E 2, and draw the 


prick'd 
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 prick'd Lines from C to theſe Points, Then drawing a Line through G, de in” 
: He height of the Stile EG, parallelto the Horizon, . [K, you bal find it poop og 
mer Lines drawn from the Center C. in the Points [, m,n, o, Þ : through which Points, if 
| youdraw Parallel-Lines to the 12 acl»ck Line CD, you hall have all the afternoon honrs 
| asf as 5, and the morning hours muſt be drawn in like manner and diſtance on the Weſt 
ide, from 7 ia the morning unto 12, as in the Fi2ure following. 
Note, thzt the height of the Stile is always 3 hours from the Meridian, as you ſee HG 
which you may make wit Copper or Braſs Plate, Iron, in form as you ſee ſhadowed 
whoſe breadth on the top is here H R, which may be made more or leſs as you pleaſe. 


This Dial will ſerve in any Latitude, if the Plane be parallel to the Plan 4 
- of6, and fo parallel to the Axis of the World. Fl | NPC TE OO 


A. 


=] 


3) Wert 


T find the Herght of the Stile of the Hour.diſt ances from the Meridian by the Logarithms. 


Cppoſe che length of the Horizontal Linz ABorF E be 12 Inches, and that it were 

required to put on all the Hours from 7 in the Morning to 5 in the Evening ; here we 
have for 5 hours, 6 inches on either ſide. of the Meridian, wherefore allowing 1 5 
degrees for an hour, to find the height of the Stile proceed thus : | 


As the Tangent 75 deg, ( for 5 hours ) —7g 
Is tothe diſtance from the Meridian 6 inches ——— 077815 

So is the Tangent of 45 Degrees —— t £00009 
To the height of the Stile 1 Inch +*: mm —— 020620 


And likewiſe the diſtance of the hours of 9 and :3 from the Meridian will be 1 inch 
and 5! parts. 
To find the Hour-diſt ances from the Subſtile or hour of 12. 
Having found the length of the Stile to be 1 inch ,*: parts, we find the reſt as 
follows: | 


Example fer the hours of 11 and 1, ſay, As the Tangent of 45 deg.—— — 1000000 
Is to the Tangent of the hour from the Meridian 15 deg, —— — ——— 942825 
So is the height of the Stile 1:45 inches ——— 02620 


— ————_— 


To thediſtance from the Meridian or Subſtile +55 inches ————— — 163425 


Hours Then the Honr diſtance of 1 and of 11 
ne nn i Wan Wh cal. taken from a Scale of fnches divided into 
I2 ©. © © {| 100 parts, and prick'd from Cana D beth 
Il l LF: Þ © 43 ways from B A and EF, and draw the 
Io 2 g9 © Oo 93. | Hovur-Lines parall:l to the Meridian; and fo 
9.1--4 $9 1 GI | dowith the other hour diſtances in the Table 
8 4 60 © 2 79 | untilitbefintſhed, | 
21-4 | ©: 4 $549 
« | 6 go oO Infinite, \ Huh 
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How to make the Eaſt or Weſt &/£quinoflial Dial, Lat. 51 d. 35 m. 


(rſt, for the Eaſt Plane draw the Horizontal Line A CB, and on the Center C, with 
F a Chord of 60 deg. deſcribe the Semicircle A DB, ard prick off the Chord of 51 
deg. -. from A to D, and the Chord of 38deg. i from B toF, and draw the Lines @ D 
and CF, then making FE and DE equaltoCDorCF, finiſh the Square CDEF. And 
from the Corner at E, lay down both ways towards D and F the hours of 1 and 2, from 
hence draw Lines to the Center C: Next make choice of the height of your Stile, 
which lay down from C to G on the 6 hour Line, drawing from the Point G a Line Per- 


pendicular to the Line of 6, or parallel to CF, as GH, which cuts the former Lines in 
 thePoints IKL MH ; through which Points drawing Lines parallel to the hour of 6, 


you ſhall have the Morning hours fromG6 to 11; and the hours before 6, as 5 anQ4 2s 
are of the ſame diſtance from ſix as 7 aud 8. 


AHorizonall line C 7 Dom::J Too #B 
= ; ; % A . « 
— | p . g OO, 4 ., > 
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VII 
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{IX X XI 


How to make the Weſt e/Equinotial- Dial. 


The Weſt Plane is Delineated in all reſpeRts like the Eaſt, only when you have deſcri- 
bed the Semicircle ADB, you muſt lay the Chord of the Latitude 51 deg- © from B 
which will give the Point D, and the Chord of 38 deg. + the Complement-of the Lati- 
tude, from A for the Point F; then proceed as before in the Eaſt Plane, numbring che 
Hour-lines with the hours 1, 2, 3, 4, $,6, 7, and 8 Afternoon. The Stiles height and 
hour diſtances, are found by the Logarithms, as in the South XquinoQial Plane, reckon- 
ing your hours from 6, which is the Subſtile. 

For Example. Suppoſe the diſtance CF for the hour of 11 on the Eaſt Plane, were 


37 Inches --7: ; the perpendicular height of the Stile is 1 Inch, the diſtance G m is 1 inch 
-73, andGl 1 Inch, Gk.'2, and G1 +: of an inch. 


Of the kinds of Oblique- Dials. 


Hat ea Dial is, and why it hath been ſo called, hath already been 
ſhewed. 


Direct, Either Erect, 
They be or Cat which< Recline, or $ to the Horizon. 
Declining) may be Clncline | 


Direct Dials have their Poles in the Meridian or Prime Yertical. Decliners have theic 
Poles in ſome other Azimuth. 


 Ereft Dials make Right Angles with the Horizon, Incliners and Decliners make Ob- 
lique Angles therewith.. 


- Some Planes both Decline, Recline, or Incline, and ate the moſt difficult to be de- 
lienated. | | The 


—— —— — 
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The Declination of a Plane js the Azimuthal diſtance of its Poles from the Meridian 
of the place, Eaſtward or Weſtward. 

The Reclination or Inclination of a Plane is the Angle made by the Axis of the Plane, 
and the Axis of the Horizon. 


.® How to make the Vertical Dial, commonly called the Horizontal Dial. 


Raw firſt the Hotrizontal-line AB, which 1s the Hour-line of 6 ; then take the La- 
titude of 51 deg. 3o min. from the Gnomon-line, and lay it down both ways 
from the Center Cto A and B, then take the whole Line of 6 hours, fixing one Leg 
of your Compaſles at A, deſcribe a little Arch towards D; do the like from the Point 
B, croſſing the former Arch at D; ſo draw the Line ADand BD. Now upon theſe 
Lines you muſt place the 6 hours on the Scale from D unto A, and alſo from D unto 
B, that isthe hours of 7, 2, 3, 4, 5, from whence drawing Lines from the Center C, 
you ſhall have the hours as you ſee numbred from 4 in the Morning until $ in the After- 
noon, which ſuffice for this Latitude. | 
For the Stiles height, with a Chord of &0 deg. deſcribe the Arch K E, and lay'the 
Chord of the Latitude 51 deg. 4 fromKto E, then from the Center C draw the Line 
CE, which is the Stile for this Dial. 


To find the Hour-diſt ances by the Logarithm:. 
Example for 1 hour from 12. 


As the Sine of co deg. is to the Sine of the Latitude 51 deg. 30 min. 939354 
Sois the Tangent of 15 deg, for 1 hour wt — — ——— 94:05 
Tothe Tangent of the Hour-diſtance from the Merid. 11 deg. 50 min. 932159 
1s D/ 
o/ 
Hh, VV VG RR (775 RR 1 RP / 1 "17 
J a 
VN F'4 / 
: , 
gd AST Y \ Wh. / | 
L / 
Q 
\ I Y 
SIS C/ 
Jl p 
is Z 
Y \ 0 
d\ \ Z 
ES 1\ 
/L A \ 
Fl = J.-:B 
Z = 
= £ 
Z 
| ZZ 
. : Pi | Gr, mint. m% on | 
In this Table you have the diſtance of 5 hours on Se 
either ſide the Subſtile, or hour of 12, which take |——_| T_T 
from the Line of Chords, and prick from the hour | * 


of 12 on the Arch KEon each fide ; and by the 
ſame Rule that you found the hours you may find 
the Quarters, and prick them off jn like manner, 
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A South or North Horizomal Dial, commonly called, an upright North or Soxth-Dial, and beg 
to make it. 
is belongs to an upright Wall looking full North or South, and the Plane of it 
lies in the prime Vertical. : 
Firſt, draw the Horizontal-line A B, which ſerveth for 6 in the morning at A, and 6 
in the afternoon at B, then from the Center Clay down from the Line of Latitudes the 


- 
& 
# ' 
of V 
o 
- 


Complement of the Latitude 38.30 both ways, to A and B : Then with the whole Line of 
6 hours from A deſcribe an Arch towards D, and with the ſame diſtance from B cro% 
the ſame Arch, and draw the two Lines AD and BD, whereon from D you muſt place we 
Hours, as you ſee by the Figures 1, 2, 3»4,5- So drawing Lines through thoſe Points 
from the Center C, you ſhall have the hours from ſix a clock in the morning to ſix a clock 
In the afternoon. Then with the Chord of 60 on the Center C, deſcribe the Semicircle 
AE B, from which Line of Chords take the Complement of the Latitude 38.30. and lay 
it down from the Meridian of E unto F, ſo drawing CF you ſhall have the height of the 
Stile above the Plane, which, if it be for a large Dial againſt a Wall, isbeſt to be a Rod 
of Iron ; for ſmall Dials aBraſs Plate is beſt, 

The South Dial ſhews the Hours from 6 in the morning to 6 at night : The other hours 
before and after 6, as far as four and eight belong to the North Face of this Dial. 

The North Plane ſhews the hours from 4 in the morning to 8, and from 4 in the afcer- 
noon till 8 at night, the Sun ſhining no longer thereon in this Latitude; and as in the South 
Plane the Stile points downwards towards the South Pole, ſo in the North Plane it points 
vpwards towards the North Pole. 4 

To aclineate « South Plane Reclining 67 deg. the Lat. 51 deg. 30 m. Northerly. 


Tt South Recliners or North [ncliners, the difference between the Complement of the 
Latitnde ofthe place, and the Reglination or Inclination is the Stiles height. 


In 
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In North Recliners or South Incliners the ſum of the Complement of the Latitude, and 
the Reclinartion is the Stiles height, which if it exceeds go deg. ſubtraQ it from 180 deg. 
the remainder is the Stiles height. So in this Plane the Stiles height is 28 deg.  ; and you 
may delineate the Plane as if you were todraw an Horizontal Dial for the Lat. of 28 d. -. 


To find the Declination of « Plane. 


LL perpendicular Planes, as Walls, lie in ſome Azimuth, whoſe Planes cut both 
A Zenith and Nadir, and the Center of the Earth, as ia the Figure, Z is Zenith ; E 
SW N, the Horizon, E Wis the Horizontal Line drawn upon a Wall or Plane, looking 
fall South or North, its Poles are at S and N in the Meridian ; wherefore it declineth not. 


IN 
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ABis a Wall or Plane declining Eaſt by the Arch SP, to which A WorBE are ail 
For as much as the'W2l declineth from the Zaſt Azinzuth, ſo much doth its Pole at p de. 
cling from the Meridian. ” 

Now to figd how much any Plane declincth, ard fo in what Azimuth it lies, one Way is 
this : Wher:the Sun begins to enlighten the Wal!, or when he leaves it, then is the Sn in 
the ſame Azimuth with the Plane of the Wall; Therefore take at that inſtant his Altitode 
and thercby get his Azimuth, as in the Sixth Book, ſo adding or ſubtraQting go dep. tothe 
Sans Azimuth,you ſhall have the declination of the the Wall or Plane. | 

But you may find the Declination ofa Plane more readily and univerſally thus ; Upon the 
Pilanedraw 2n Horizontal Line, and when the Sun ſhines upon the Plane, apply thereto the 
fducial edge of a Semicircle, or {ome other [nitrument fit to take the differ. between the 
Sns Azimuth and the Azimuth of the Plane, and at the ſame time while you obſerve this 
difference of Azimuths ler another take the Suns Altitude This done, by the Latitude of 
the place, the Suns Altitude and Declination, yon may find the Suns Azimuth, and this 
being compared with the difference of the Planes Azimuth therefrom, either wanting or 
paſt the Pole of the Plane, will give the Planes Declination; an Example or two will 
render it more intclligible, 

Example 1. Inthe Afternoon I obſerve the Sun (to the Weſtward, or) paſt the Pole 
of the Plane 72 deg. and at the ſame time taking the Suns Altitude, thereby 1 find the 
Suns Azimuth to be South 62 deg. Weſt, and therefore the Planes Declination is Scuth 
10 deg, Ealt ; for the Meridian of the place lies betwcen the Sun and the Pole of the 
Plane, therefore the difference between 72 deg. and 62 dep, viz. 10 dep, is the Declina- 
nation of the Plane; and this is evident by the preceding Scheme, wherein P © repre- 
ſents the Suns diſtance from the Pole of the Plane, and S © the Suns diſtance (or Arzi- 
muth) from the South towards the Weſt, and $P the difference between thoſe Arches, 
is the Declination of tiie difference of P the Pole of the Plane from the South towards 
the Eaſt. ; | 

Example 2. In the Forenoon the Suns diſtance from the Pole of the Plane wanting (cr 
to the Eaſtward thereof) is 3o deg. and the Suns Azimuth (found by its Altitude) is $ 
46 E, and the Declination of the Plane is South 10 deg. Eaſterly. 

And thusif you draw a Scheme, you may ſoon reaſon out the Declination, better than 
do it blindfold, by the Rules commonly given: And this ſerves not only of upright 
Planes, but of Recliners, or Incliners alſo. 

How to find-the Declination by the Needle when the Sun doth not ſhine. 

Apply the North ſide of a Square Box whereia there is fitzed a Magnertical Needle unto 
the Wall, and hold it Horizontally as near as you can, that the Needle may have Libecr- 
ty to play too and fro; and when it ſtands ſtill, obſerve upon the Limb of rhe Chard over 
which it moves, upon what degree the Needle ſtands, for that is the Declination of the 
Plane, pointed out by the South Point of the Needle: Andif you would know the 
Coaſt, obſerve, that if the Needle ſtand upon the Eaſt fide of the Meridian Line, then 
is the Declination Weſt ; but if it ſtand on the Weſt ſide of the Meridian Line, the 
Declination is Eaſt. 

In uſing the Needle take theſe Cantions, 1. That in all places there is a variation of - 
the Needle,'which muſt be known and allowed for. 2. That Iron Bars and Caſements 
in Windows, asalſo Brick Walls will diſtort the Needle, and therefore you muſt not 
come too near thetn, but ſet the edge of your Box parallel to thoſe Planes at ſome con- 
venient diſtance... | 
How to find the requiſites in a Declining Horizontal Dial, commonly called a South ere} De- 
. cliner, declining from the South Eaſtwards 32 deg. 30 min. in the Latitude of 5 1 deg. 30 min. 


N opghe Doginers we muſt find three things before the Hour-lines can be drawn up- 

on the Plane, viz. 1. The Subſtiles diſtance from the hour of 12, which is the 
Planes Perpendicular. 2. The Stiles height above the Plane, being the Angle betwixt 
the Subſtile and the Stile. 3. The Inclination of Meridians, being the Angle between the. 
two Meridians of the place, and of the Plane. 

To find theſe Requilites Geometrically, proceed thus; Firſt, Draw the Horizontal 
line AB, and'wipon the Centerat C, with a Chord of 60 deg. deſcribe the Semicircle A 
D B, and lay the Chord of go from A to D, and.from-B to D,and draw C D for the line 
of 12 aCleck)} then take the Complement of the Latitude 38 deg. 3o min. and lay it 
fromDtoE, and ſodrawE F parallel toA B next take the Declination of the Ce 

Fi 32 eps 
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32 deg, 30 min. and lay it from D to G, drawing the Radius C G, thereon you muſt - 
lay the diſtance E F from Cto H. Now the neareſt diſtance from H to the Meridian C + 
D, as HI, lay fromFroL; then draw a Line from © through L, it will cut the Limb 
in the Point M ; ſo meaſuring DD M on the Line of Chords, you ſhall have the Subſtiles 
diſkance 23 deg. : RT” 
By Logarithms. As the Radius 90 deg. ——— *—— —— 1000000 
Is to the Sine of the Declination F E 32 deg. 30 min-—<- 973021 
So is the Co-tangent of the Latitude 51 deg. 30. min.—— 990060 


To the Tan. of the Subſtiles diſtance from the Meridian 23 d. 8 m. — 963081 


For theYeight of the Stile, take the heareſt diſtance from H to the Line A B, a3 H K, 
and lay the ſame from L to cut the Arch D A (extended if need be) in'N. So meaſure 
MN, on the Line of Chords gives the height of the Stile 31 deg. 5; 


AS the Radius $o deg. - — — 1000000 
Is to the Co-ſine of the Latitude 51 deg, 39 min. a 979414 
So is the Co-ſine of the Declination 32 deg. 30min. ——-—— —0992.602 
To the beight of the Stile 31 deg. 40 min. _ m=p—__ 016 


_= &'.-—k B 


E PR - \ 


| [, | G& 
M D 
To findthe Inclination of Meridians. boy 

. Take the neareſt diſtance from M to F E, and lay it on the Meridian from F to © : 
Then take the diſtance from O unto. G, and lay it from O unto Þ on the Meridian (ex- 
tended if need be) ſo the diſtance from P to M, meaſured on the Line of Chords, will 
be found to be 39 deg. which is in time (allowing 1 5 deg. for an hour, and 4 min. to 
dep.) 2 hours 36 min, So that the Subſtile in this Dial falls between 9 and 10 of the Clock 
in the Morning. 


By Log arithms. As the Radius go deg; ——— — —_—_—_—__—_ 

. Is tothe Sine of the Latitude 51 deg. 30 min, —— ——— ———9393 54 

So is the Co-tangent of the Declination 32 deg. 30 min. _ Ioigg8k 
to the Co-tangent of the Inclination 39 deg. 9 min.- — ——008935 


To draw the Hour-lines in a Declining Horizontal, or South ere Dial, declining 32 d. 30 m, 
from the South Eaſtward, the Latitude 51 deg. 30 min. 


T7)lIrſt, draw the Horizontal Line A B, and on the Center at C deſcribe the Semicircle 
AE B, with the Chord of 60 deg. and from A and B lay down go deg. unto E ; 

and draw CE the Meridian Line or Honrof 12; then take the Subſtiles diftance 23 d. 
and lay it fromE unto F, and from the Center C throvgh F draw C F K the Subſtile ; 
then take the Chord of go deg. and lay it from F both ways upon the Arch, and draw 
the Line G H, whereon lay the Stiles height 31 deg. 40 min. taken from the Line of La- 
titudes, and laid from C to G and H. | Then take the whole Line of 6 hours, and with 
that diſtance from G deſcribe an Arch at K; and with the ſame diſtance from B croſs the 
{aid Arch, and draw the Lines G Kand H K : which laſt Line cuts the Meridian at o, 
and if you meaſure K n on the Line of 6 hours, youſhall find ic 2 hours 36 min. being the 
Inclination of Meridians. Then take one hour more, which is 3 bours 36 min. and lay 
the ſame from K unto M ; and ſo increaſing one hour more, you ſhall have. the Points / 
and S; alfo diminiſhing one hour leſs than 2 hoors.36 min. which is 1, hour 36 min. the 
ſame wilt reach from K to O, and ſo 38 s.! row B00 P. Now the ſame diſtan LS 
| taar 
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that are laid from K towards H, muſt be laid from G towards K, in the points x, jy < 


Dr Y, $ 
T,. v ; ſd drawing tbe Lines from the Center C through thoſe Points, you ſhall | 
Hovr-lines, as ” ſee in the Dial following, 7 have the 


rt... 


Hotv to Calcalate the FHour-dift ences by the Logaritbme. 
Example. To find the diſtance of the hour of 10 from the Subſtile. The Angle 
betwixt the hour of 10 and the Subſtite is 9 deg. 9 min. 
As theRadius- _ — = 
Is to the Sine of the Stiles height z 1 deg. 4o min. - 
So is the Tangent of the Angle the Subſtile 9 deg, 9 min. —92070l 
Tothe Tangent of the Hour-diſtance from the Subſtile 4 deg, 50 min. —-392714 


And fo you may find the diſtance of any other Hour-line, from the Subſtile, as in the 
following Table, under the Title of Hour-diſtances. 


In this Table the Angles of the Hour-lines with the Subſtile, under the Title of Hour 
Angles, are thus found. From the laclination of Meridians 39 deg. g mio. ſubtradt 15 
deg. leaves 24 deg. 9 min- for the hour of 11 3 from ag deg. 9 min. ſubtra@ 1 5 deg. leaves 
Tg 9 in. for the hour of 10 then fubtrat 9 deg. 9 min. from 5 deg, leaves 5 deg. 


for the honr of 9; to 5 deg. 5x min. add 15 deg. makes 20 deg, gt mio. for the 


A 


9 
1 
hour of $; and ſocontinue to add ha, 4 way her th min. for the hour of 


4 in the Morning: Likewiſe add 1 5 deg, to 39 deg, 9 min. makes 54 deg. 9 min. for the 
hour of 5 and OS CORY / - Sowa the hour 2, and 15 deg. more 


Thus 
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Thus iy this es 01. gs? fangs ſo you may "S- : 
make one for any Latitude,aad for any Decliniog (5 _ i 4 you 
Dial » and by it prove your former Work : For it OD me 1 7 95 D _ 
you prick from the Subſtile C F the Chord of 4 |——— "TL w—_ 
tet 50 min, and draw a Line from the Center, ir p4 «My þ I* FT 
will be the Honr-lineof 10 ;, and prick the Chord y 7 "OP yi 49 30 
of 3 deg- 5 min. from the Subſtile, and draw a : Jo " Je 32 P49 

8 

py 


Line through that Point to the Center, and it 39 $6 20 g 46 
will be the Hour-line of 9 a Clock; and ſo of the OP"; Wb Ir 18 
reſt, as you find them in the laſt Column. $* bs 3. $ 

Note, That becauſe the Plane declines Eaſt, Meridian. | Subſtile. 
therefore the Subſtile ſhall decline Weſt ; For the | *® MS 3 Bb 6 
Dial being ſach a Projeftion of the Sphere,where- aha AP. Pp 
in all the uſual Lines croſs in the Nodus of the | ** | 3? 2? 

Gnomon, and thence diſperſe themſelves a- : we -F 36 © 
gain towards the Plane; therefore that which is | 0 | = | 

Laſt in the Sphere, will be expreſſed Weſt on the '.__3 __ 8 Jl Be 4 ok 7 FM 
Plane, and contrarily as was ſaid in Theorems 11. Again confider,that howſcever the Plane 
be declined Eaſt or Weſt, the Gnomon is fixed, becauſe ir is a part of the Axis of the 
World, or a Line parallel to it. Now therefore move a South Dial and make it decline 
Eaſt, holding the Gnomon unmovable, the Weſt fide of the Dial will approach nearer 
to the Gnomon, 

And if you would draw the North Dial on the oppoſite fide of this Plane, prolopg 
thoſe Hour-lines, and the Subſtile upwards beyond the Center, and you haye the North 
Dial beyond C, or above the Horizontal Line A B, and the South Dial beloy ir; 

How to delineate an Eaſt or Weſt Reclining or Inclining Dial. ] 

A*® the Horizontal line of a Soath Recliner lieth in the'Eaſt Azimuth, fo the Hori- $31 
zonal line of an Eaſt Recliner lieth always in the Meridian of the Place : And ag 

all Declining Planes lien ome Azimoth, which croſs one another in the Zenith and Na- 

dir, fo theſe Rediioing Planes he in fome Cirde of Poſition, which croſs one another in 

the North and South Points of the Horizon 3 which being confdered, theſe Eaſt and 

Weſt Incliners and Recliners, ſhall be made as eaſily as the upright Decliners. For theſe 

Dials are upright Decliners to thoſe that live 90 deg. from us Northward or Southward, 
who have oneof their Poles elevated as mnch as the Complement of our Latitude. 

To find theReclination or Inclination of a Plane, praceed thus > On the Plane draw 
an Horizontal Line, andcroſs it at Right Angles, that Line is the Planes Perpendicular, 
to which apply the ſtreight edge of a that may over-hang the Plane, and to 
this edge of the Ruler »pply the fiducial Ray of a ſmall Quadrant, the Plumb-line Play” 
ing upon the limb of the Quadrant, will give you the Reclination or Incligatiog of the 


E 


Plane. 


To find the Subſtile diſtance fromthe Haw of 12, by Logarithme. 


As the Radiys = —— — — 1000000 
Is to the Sine-Compicment of Reclination 45 deg —<D- — —-——934948 
So is the Tangent of the Latitude 51 deg. zo min —— ——-——-—— 1009939 
Tothe Tangent of the Subſtiles diſtance 41 deg. 383 min- —994887 


Or upon Gunter's Ruler, extend the Compaſſes fram the Sine of 90 deg. to the Sine 
of 45 deg- the ſame extent will reach from the Tangentaf the Latitude 5: deg. 30 min. 


to 41 deg. 38. min. ; | 
Secondly, The height of the Stile aboye the Plane is found thus by tbe Logarithms, 


As the Sine of g0————— =———-— —-=———_—_—— 0 
to the Sine of 51 deg. 40 lin ———— 4 
So is the Sine of Rectination 45 deg —— —— ——————94948 


To the Sine of the Stiles height 33 d. 36 m. or Pole above the Plane- — 974303 
* Extend the Compaſſes from the Sine of go deg, to the Sine of 5x deg. 30 mig. this 
ſame Extent will reach from the Sine of Reclination 45 deg: to 33 deg+ 36 min. the heighs 
of the Stile. 
| 3. Ts 
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3. Tofind the Inclination of Meridians by the Logarithms. 


As the Sine of the Laticude 51 deg. 30 min. — —— 989354 
To the Sine of 90 — — 
So is the Sine of the Sabſtiles Diſtance 41 deg. 38 min. — — ——9$3249 
Teo the Sine of Inclination of the Meridians 58 deg. 05 min.———— 99288; 


Extend the Compaſſes from the Sine 51 deg. 30 min. the Sine of g0; the ſame Exten; 
will reach from 41 deg. 38 min. the Subſtiles diſtance, to 58 deg. o5 min- which reſoy. 
ed into time, doth make about 3 hours, 52 min. and fo the Subſtile will fall near the 
hour of 8 in the Morning, | 

2g draw the Honr-Lines on the Eaſt Recliner. 
Raw the Planes Horizontal Line $ N, which is Hour of 12 in Eaſt and Weſt Inclj. 
ners, or Recliners ; then with the Chord of 60 deg. deſcribe the ArchF A K, and 
ſet off the Subſtiles diſtance 41 deg. 38 mio, from N to A, and draw the Subſtile Ca, 
and croſs it at Right Angles with the Line F CK, then ſet off the Stiles height 33 deg. 
. 36 min. from A to B, and draw the Stile CB: Then take off the Sciles height 33 deg, 
36 min. from the Line of Latitudes, and lay ic fromCto Fand K, then with the di. 
ſtance of 6 hours from the Scale, ſetting your Compaſſes at F, and then at K, deſcribe the 
two occult Arches at G, and to their interſection draw the Lines FG and K G. From 
the Scale of ſix hours take the Inclination of Meridjans 3 hours, 52 min. and laying it 
from G it will reach to N (in the Line G F) for the hour of 12, and from K it will 
reach in the Line G K to the Point where the hour of 6 interſeQts that Line : ſo take the 
diſtance of 4 hours, 52 min. and ſet off from G on the Line F G, for the hour of 1 
Afternoon, and the ſame diſtance from K on the Line G K, for the hovr of 5 in the 
Morning in the ſame manner place the diſtance of 5 hours, 52 thin. fromG for the 
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hour of 2, and from K for the hour of 8 3 likewiſe the diſtance of 2 bours, 52 min. from 

G for the honr of 11, and from K for the hour of 5 ; and ſo the diſtance of 1 hour, 52 

min. from'G and K for the hours of 10 and 4, and the diſtance of 52 min. from G for 

the hour of 9; through theſe Points draw the Hour-Lines, and finiſh your Plane. The 

hours proper for this Plane, arefrom 4 in the Morning till 2 in the Afternoon. 1f you | 
| | continue 
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continue the Subſtile, the ſtile and hours of 4, 5, 6, 7, -and 8 in the Morning below the 
Center C, they ſhew how they will fall upon a Weſt Plane inclining 45 deg. with this 
caution, that the hours of 1, 2, &c. in the Afternoon which are here on the North ſide 
of, the Eaſt Plane, muſt be placed there on the North ſide of the Weſt Plane, and fo for 
the hours of 5,65,7, and 8, on the South ſide of the Plane. 

wt | Of Declining, Recl ining, or Inclinins Planes, 

Heſe Planes are the moſt difficult in their delineation, and are of ſeveral kinds. 

I. South Recliacrs and North Incliners,declining Eaſt or Weſt;which are of three 
ſorts : 1, Stich as Reclineor [ncline between the Zenith and the North (or Elevated) 
pole, whoſe Reclining Planes behold the South Pole, and Incliners the North Pole. 
2. Such as Recline or Incline to the Pole, and are called Polar Decliners. 3. Such as 
Recline or Incline to between the North Pole and the Horizon, the Recliner beholding 
the North Pole, and the lacliners the South Pole. 

II. North Recliners, and South Incliners, declining Eaſt or Weſt, which are likewiſe 
of three ſorts: 1. Soch as Recline or Incline, ſo as to interſet the Meridian of the 
place, between the Z-nith and the EquinoQtial. 2. Such as Redine or Incline, ſo as to 
interſect the Meridian in the point where the EquinoQtial interſefts it, and are called 
EquinoCtial Decliners. 3. Such as Recline or Ircline ſo as to interſeCt the Meridian be- 
tween the Equinottial and the Horizon. 

How to find the requiſutes, and how to delineate a South Reclining or North Inclining Dial, 


South Plane declining 45 deg. Weſterly, and Reclining 45 deg. in the Latitude of 
A 51 deg. -. Northerly. In theſe Planes there are 4 things to be found before we can 
draw the hour Lines. 
1. The diſtance of the Meridian (or hour of 12) from the Horizontal Line of the 
Plane, or from the perpendicular thereof. 
2. The Subſtiles diſtance from the hour of 12, or from the Planes perpendicular. 
3. The Stiles height. 


4. The lnclination of Meridians, which are illuſtrated in the following Scheme. 


TO . 


in 
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In this Scheme the Arch F LE is the Plane, Z L the Reclination thereof, F E the HK: 
rizontal Line of the Plane, and Z n the Vertical Line of the Plane, or the Planes Per- 
pendicular, Sn is the Declination of the Plane, m H Þ M the Meridian of the Plane or 
Snbſtile, paſſing by the North Pale at P, cutting the Plane at Right Angles at R, and 
paſſing through the Pole thereof at H, F o the diſtance of the hour of 12 from the 
Planes Horizontal Line; OR the Subſtiles diſtance from the hour of 12, RL the $#.- 
ſtiles diſtance from the Planes Perpendicular, P R the Stiles height or the Elevation of 
the North Pole above the Plane; OPR the Inclination of Mcridians. 


To find the diſtance of 12 from the Horizontal Line of the Plane, fay, 
As the Sine of 90 — LS 


_ —— 10©0000 
To the Sine Comp. of the Reclination 45 deg. — m—— 494} 
So is the Tangent of Declination 45 deg, — 


To the Co-tangent of 54 deg. 45 min. = — —_ 
Which is the Arch of the Plane between the Horizon and Meridian, or the diſtance of 
the hour of 12. 


By the Gunter. Extend the Compaſſes from 90 to 45 upon the Sines, the ſame Extent 


wil) reach from the Co-tangent 45 to Tang, 35: 1 5, whoſe Comp. 54 deg. 45 win. is the 
diſtance of 12. | 


To find the Subſtiles diſtance from the hour of 12 O R, we muſt find two things ad- 
jutory thereto, viz. N o, the Arch of the Meridian between the Plane and the Horizon, 
and F oN the Angle betwixt the Plane and the Meridian. 


To find N © the diſtance in the Meridian from the Plane to the Horizon. 


As the Sine of go deg. —— — m=—=—_— 1 00000 
To the Sine of the diſtance of 12. 54. 45 —<—— — n— — 991203 
So is the Sine of the Reclination 45 deg, — —— —-—-— 9494s 
To the Sine of N © 35 deg. 16 min. ————_— — — 976151 


Extend the Compaſſes from the Sine of go deg. to the Sine of 54 and 45, the ſame 
Extent will reach from the Sine of 45 deg: to Sine 35, 16 N O, which ſubtrafted from 
the Latitude 51 deg. 3o min. remains the Arch of the Meridian between the Pole and the 
Plane OP 16 deg. 14 min. 


To find the Angle N OF, (equal toR OP) which is the Angle between the Meridian 
and the Plane, thus : 


As the Sine of the Diſt, of 1 2. 54 deg. 45 min. — ——- —_ 991203 
To the Radius DO mm — 1000000 
So is the Sine Compl. of the Declination 45 deg, — —— —— — — 984948 
To the Sine of F O59 deg. 59 min, —-—— _— 997 


By the Gunter. Extend the Compaſſes from the Sine of 90 deg. to the Sine of 54 deg, 
| 45 min. the ſame Extent will reach from the Sine of 45 deg. unto 60 deg. fere, the An. 
gle of Inclination between the Meridian and the Plane. 


2. To find the Subſtiles diſtance from the Meridian or hour of 12, OR. 


As the Sine of 90 deg. —————— 1000000 
To the Co-ſine of P OR, 59 deg. 59 min, - _ — yy 
So is the Tangent P O 16. 14 mm - 


— 946412 
To the Tang, of the Snbſtiles diſt. from 12 O R 8 deg. 17 mj0, ——— 916330 


By the Gunter, Extend the Compaſles from the Sine of 90 deg. to the Co-ſine of 59 
deg. 59 min. the ſame diſtance will reach from the Tangent of 16. 14, to the Tangent 
of the Subſtile from the Meridian 8 deg. 27 mio. 


3+ To find the Elevation of the Pale above the Plane or Stiles height. 
As the Sine of 99 deg. ——— : 


C — — 1 000000 
To the Sine of PO 16 14 — ot w—_— 9466 
So is the Sine of POR 59 deg. 59 min.———— = n—_— 746 
To the Sine of Þ R the Stiles height above the Plane 14. 1 —— ——-—— 938392 


Or, Extend the Compaſſes from the fine af g0 deg. to the fine of 16 deg. 14 min. the 


ſame diſtance will reach from the ſine of $9 deg, 59 mio. to the fine 14 deg: 1 m. the 
Stiles height. 


4. To 
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4+ To find the Inclination of Meridian. 


: 944645 

To the Sine of go deg. —— GE PETE + ns 
So is the >ine of the Subſtile diſtance 8 deg. 17, ———— -—— ——g 5857 
To the [Inclination of Meridians 31 deg. 1 min, — — 971211 


Extend the Compaſlles from the Sine of 16 deg. 14 min. to the Sine of 90 deg. the ſame 
Extent will reach from the Sine of the Subſtiles diſtance $ deg, 7 mio, to the Sine of the ln- 
clination of both Meridians 31 deg. which is 2 hours 4 min. 

Having got theſe four Requiſites, viz. 
- The diſtance between the Horizon and the Meridian or hour of 1 2, 54 deg. 45 min. 
- The Subſtile diſtance from the Meridian of the Place OR 8 deg. 17 min. 
- The height of the Pole above the Plane or Stiles height PR 14 dep, 1 min. 
- The loclination of Meridians 31 deg, 1 min. then proceed to delineate the Dial thug. 


4+ Ww NN 


C 


>”.  Tanuan_— 


Firſt, draw the Horizontal Line F e, #nd with the Chord of 6o deg. ireep the Circle 
FORe then take off the Chord of 54 deg, 45 min. the diſtance between the Horizon and 
the Meridian, and ky it from FtoO; Then then take oft the Chords $ deg. 17 min. the 
cubſtiles diſtance, and lay it fromO to R ; then from the Center drawthe hour of 1 2 and 
the Subſtile; and croſs the Subffile at right Angles with the Line I K ; then take off the Stiles 
height 14 deg- 1 min. from the Line of Latitudes, and lay it both ways from Cro K and I, 
then take off the whole Line of 6 hours, and from K toward G, and from I toward G, 
ſtrike the two occult Arches ; and draw the Lines K Gand 1 G ; thenextend the Compaſſes 
from G tothe MeridianLine at L, and apply that diſtance to the Line of fix hours, and you 
will find it to be 2 hours 4 min. which is the Iaclination of Meridians as before . Then lay 
thatdiſtance from | toward G, for the hour of 6; and take (as before directed ) 1 hour,4 
min. and lay it off in the ſame manner from G toward K; and from I toward G , _—_ 
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like do with 3 hours 4 min. 4 hours 4 min. and 5 hours 4 min. Then draw the Hour lines 
in your Plane, whether it be a Triangle, Circle, or Square, or what ſhape ſoever ; ahq 
Jay off the height of your Stile 14 deg. 1 min. by the Line of Chords, and draw it from 
the Center, and ſo fit it to your Plane, as you may ſee in the Figure, and your Dial is done, 


Another way to delineate Reclining or Inclining pecliners, . 


d Ou have ſeen how Eaſt and Weſt Reclining Dials are to be made z and how they 411 
our to be Circles of Poſition. 

[ will ſhew you how all reclining Dials may be reduced to Eaſt or Weſt Recliners, for 
ſome other Latitude, and the hours drawn by the ſame Method and Scheme. 

Example. ASouth Plane declining Weſt 45 deg. Reclining 45 deg. 

The Circles of Poſition, as have been thewed, doall crofs one another in the North and 
South Points of the Horizon. Now therefore by the Point O, in the Scheme before men- 
tioned where the Plane cuts our Meridian, draw a new Horizon, as O B QC,and then your 
Plane in that Horizon is a Circle of Poſition. 

The Latitude of the place, where this Plane becomes a Welt Recliner, is repreſented 
by P O, being the diſtance in the Meridian from the Plane to the North Pole, 16 deg. 14 
min. and the Reclination in this new Latitude is repreſented by the Angle FON, or POR, 
being the Angle between the Plane and the Meridian, which was found to be 59 deg. 
59 min. Therefore by the Method foregoing, find the Meridians diſtance from the Hori- 
zontal Line of: the Plane, and the new Latitude ard new Recli:.atton, then laying of the 
the Meridian from the Horizon by a Line of Chords, ro this new Latitude 16 deg, 14 min. 
North, and new Reclination 59 deg. 59 min. Weſterly, find the Subitiles diſtance from 


the Meridian, the Stiles hcighr, the Inclination of Meridians, and draw the Hour-lines, 
according to the Directions before given. 


To find the Requiſues, and to delineate a N. Declining Recliner, anda S. Declining Incliner, 


Example. Bae Plane Decliping 45 deg. Eaſt, Reclining 45 deg. or a South Plane 
£ X Declining 45 deg. Weſt, Inclining 45 deg. 

In the following Scheme, the Circle E S W N 1s the Horizon, N S the Meridian, FLe 
the Plane, Z L the Reclination thereof, F e the Horizontal Line of the Plane, AX N the 
Vertical of the Plane, SA or n N the Declination of the Plane. 

In this Plane we muſt find the Meridians diſtance from the Horizon, the Subſtiles di- 
ſtance from the Meridian, the Stiles height, and the Inclination of Meridians. 
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1. To find thediſtance of the Meridian or hour of t 2 from the Horizon. 


As the Sine of 99 —— — —— _ —_ 1000000 
To the Co-line of the Reclination 45 deg ————— —— —— — 984948 
So is the Tangent of Declination 45 deg, — —— — 0 000 


To the Tangent Complement of F O 54 deg. 45 min. 
The Meridians diſtance from the Horizon. 


By the Gunter. Fxtend the Compaſſes from the Sine of 90 to the Sine of 45 ; the 
ſame Extert will reach from the Tangent of 45 deg. to the Tangent of 35 deg. 15 min. 
which ſubtracted from 90 deg. there remains 54 deg, 45 min. 

To find the Subſtiles diſtance from the Meridian O R, firſt find $ O the diſtance in the 
Meridian between the Horizon and the Plane; ſecondly, SOF equal roPOR the An- 
gle between the Plane and the Meridian. 


To find the Arch of the Meridian between the Horizon and the Plane SO, thus : 


— yp 


As the Sine of 92 MG de : EI hos 5 
Is to the Sine of the Arch of the Plane berween the Horizon and Meridian 
— CT OE Oo en 991203 
DO 54 45-— CG 
So the Sine of Reclination 45 —— —— ans qa Hg, 984948 
To the Sime of the Arch of the Meridian between the Horizon and Plane d __ 
SO 35 deg. 16 min. 976151 


By the Gunter. Extend the Compaſſes from the Sine of 90, to the Sine of 54 dee. 45 
min. the ſame Extent will reach from the Sine of 45 deg. to the Sine of SO 35 deg. 16 
mio. which 35 deg. 16 min. taken out of 90 deg. there remains O Z 54 deg, 44 min. the 
Arch of the Meridian between the Zenith and the Pjane ; which being added to the Com- 
plement of the Latitude Z P 38 deg. 30 rin. it makes PO 93 deg. 14 min. the Arch of 
the Meridian between the Pole and the Plane, then for the Angle between the Meridian 
2nd thePlane FOS, or POR. 


As the Sine of the Arch F O 54 deg. 45 Winh——— — — 991293 
Is to the Radius——— _ rr tn nn nn nm I 000000 
So is the Co-fine of the Declination F $ 45 deg, ——— —— —— 934948 
To the Sine of the Angle F OS 59 deg. 59 min. — — 993745 


By Gunter's Rule, Extend the Compaſſes from the Sine of 54 deg. 45 min, to the Sine 
of godeg. the ſame Extent will reach from the Sine of 45 deg. to the Sine of 59 deg, 
59 min. the Angle between the Meridian and the Plane. 


2. Tofind the Snbſtiles diſtance O R. 


As the Sine of the Angle at R 9o deg, — ——- = nn mmm — 000 
To the Co-ſine of POR 59 deg. 59 min. — - ——— 969918 
So is the Tangent of the Sine P O 93 deg. 14 min, —————- 1124801 


To the Tangent of the Subſtile O R 96 deg, 27 min,— — ——-—— 1094719 


By the Gunter, Extend the Compaſſes from the Sine of 9o deg. to the ſine of 30 deg. 
1 min. the ſame Extent will reach from the Tangent of 86 deg. 46 min. to the Tangent 
of $3 deg. 33 min. whoſe Compl. to 180 deg. is $6 deg. 27 min. 


3. Fot the Height of the Pole above the Plane, or Stiles height. 


As the Radius ——— CC TC 1000000 
To the Sine of P O 93 deg. 14 min. — — _—_—— yg 
So is the Sine of P OR 59 deg. 59 min. — — ————_——— 993745 
To the Sine of the Stiles height PR 59 deg. 49 min. — 993677 


4+ To find the Inclination of Meridians O PR. 


| As theSineof Þ O 93 dep. i4 min. —— — ——— 9993! 
To the Radius - _ em__—_—— <—_ c__—__—_  -- --- 0c 
So is the Sine of OR the Subſtiles diſtance g6 deg. 27 min. — ———— 999724 


To the Sine of O PR the lnclinat. of Merid. 95 deg. 35 min. ——— 999793 
Which 95 deg. 35 min. reduced to time make 6 hours, 22 min. 


Having fonnd the diſtance of the hour of 12 from the Horizon 54 deg. 45 min. the 


Hbſtiles diſtance from the hour of 12, 96 deg. 27 min. the Stiles height 59 deg, 49 min. 
: | Dddd and 
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and the Inclination of Meridians 95 deg. 35 min. or 6 hours 22 min. proceed to deline- 

ate the South-welt Incliner, by the DireRions given as before, or briefly thus : 

Set off the hour of 12 from the Horizon F G and the Subſtile CD from the hour of 12,3nd 
the Stile CE from the Subſtile by a Line of Chords, croſs the Subſtile at right Angles with 
the Line ACB, and laying off the Lines height (by the Line of Latitudes) from Cto A 

and B,drawing DB and D A from thoſe two Points A and B,with the diſtance of ſix t#urs 

interſe& the Subſtile in the Point D. The Inclination of Meridians being 6 hours, 22 min. 
lay- off 5 hours 22 min. and 4 hours 22 min. (by the Line of 6 hours )from D towards 

A for the hours of 1 and 2, and the ſame diſtances from B towards D, for the hours of 7 and 

8; likewiſe 3 hours 22 min. 2 hours 22 min. 1 hour 22 min. from D for the hours of 

3, 4, and 5, and from B for the Points o, p, and q; and laſtly 22 min. from D for the 

hour of 6. Note, the Points o, p, and q are to draw the hours of 9, 10, and 11 in the 


forenoon, on the other ſide the Center C. The hours proper for this Plane are from 9 
the morning to 8 at night. 


A South Plane Declining 45 deg. Weſt Inclining 4.5 deg. 


To delineate ſuch Planes wherein the Stiles height is (mall, not exceeding 15 deg. 


N theſe Planes the hour-lines fall ſo near the Subſtile, that they make the Dial unhand- 
ſom, and almoſt uſeleſs, and therefore we commonly inlarge them, by removing the 
Center of the hour-lines beyond the Dial Plane, drawing them by two Contingent Lines, 
o the help of Lines on the Mathematical Scale, called the greater and leſſer Pole; as 
ollows.. | 

For an Example, we will take the South Plane which declines 45 deg. Weſterly, and 
reclines 45 deg. In this Plane the Subſtiles diſtance from the Horizon is 63 deg. 2 
min. for the Meridians diſtance from the Horizon was found to be 54 deg. 45 min. and 
the diſtance from the Meridian to the Subſtile 8 deg. 17 min. the ſame way, which added 
to 54 deg. 45 min. makes 63 deg. 02 mio. the Stiles height is x4 deg. o1 min. and the [n- 


_— of Meridians in time 2 hours 04 min. Now proceed to draw the Haur-lines on the 
ane thus. 


A 
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A South-weſt Plane Declining 45 deg. and Reclining 4.5 deg. 


_— 
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From the HorizontalLine A B ſet off the Subſtiles diſtance 63 deg. 02 min. and from the 
Subſtile the Stiles height 14 deg .10 min. by the Line of Chords,and draw the Subſtile A C 
and the Stile A-E, and from a convenient Point in the Subſtile as at C, draw the contingent 
Line DF at right Angles therewith ; then from the Line called the greater Pole, take the 
dittance of 3 hours, and ſetting your Compaſſes at C, deſcribe the occult Arch at G, and 
from the Point C draw the Line CE G Perpendicular to the Stile A E in the Point E, and 
with the Diſtance E G, upon the Point H, deſcribe the occult Arch at I, and by the Arches 
G and l[ draw the toucht line I G for the inlarged Stile : Then take the diſtance of 3 hours 
from the Line called the leſler Pole, and ſetting your Compaſſes at 1 deſcribz the Arch ar 
K, a Ruler laid from C to touch the Arch K, ſhall croſs the Subſtile in the Point L, from 
which Point draw the Contingent Line M N at right Angle with the Subſtile. Take the 
Inclination of Meridians 2 hours 04 min. of the greater Pole, and place it on the grezrer 
Contingent Line, from C towards D, and 2 hours 04 min. from the leſſer Pole, and place 
it on the leſſer Contingent Line, from L towards M, and by theſe two Points on the two 
Contingent Lines draw the hour of 123 likewiſe place 3 hours 04 min. of the greater 
Pole on the greater Contingent Line, and the ſame diſtance of the leſſer Pole on the 
leſter Contingent, for the hour of 11, alſo 4 hours 04 min. of the greater Pole, on the 
greater Contingent Line from C towards [D, and 4 hours 04 min. of the leſſer Pole on 
the leſfer Contingent Line from L toward M for the hour of 10; likewiſe the diſtances 
of 1 honr 04 min. and o hour 4 min. from the greater and lefler Poſe, on the greater 
and leſſer Contingent Lines, from Card L for the hours of 1 and 2, Subtraft 4 min. 

from 1 hour or 60 min. and the remainder 56 min. take from the greater, and alfo from 
the leſſer Pole, and place ir on the greater and lefſer Contingent Lines, from C and L to- 
wards F and N for the hour of 3; after the ſame manner place the diſtancesof 1 hour 
56 .nin. of 2 hours 56 min. and of 3 hours 56 min. taken from the greater and teil=r 
Pole, or the greater and leiter Contingent Lines for the hours of 4; 5, and 63 _ v7 

thete 
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theſe Points on both Contingent Lines draw your Hour-lines, and finiſh ycur Stile and 


Dtal, : 
I{ theſe DireCtions be carefully obſerved, you may ttercby inlarge avy Plane in which 
the Hour-Lines fall too near the Subſtile, by reaſon of the ſmall Elevation of the Stile; 


whether the ſame be a Circ Recliner or Incliner, an upright for Decliner, or an In- 
lining Decliner, or t\eclining Declining Flare, © 


How to draw a refiefled Dial upon the Cicling of a Room. 


Heſe Dials ſhew the Hour of the Day by the Sun-beams relieCted from a piece of po. 
liſhed Glaſs, with a bright ſpot among the Hour-lincs drawn on the Cieling. The 
eaſieſt of theſe Dials are thoſe which are relie&ted from a piece of Glaſs, whole upper 
Plane is exactly parallel to the Horizon, but the Glaſs may be beſt placed afcer the Dial 
is drawn upoa the Cieling, therefore we ſhall ſherwy you firſt of all how to delineate the 
ſame, and then to place the Glaſs. A Cieling Dial drawn for a Glaſs placed Horizontal- 
ly is an Horizontal Dial inverted, the Center thereof being 1n the Meridian-Line on the 
Cieling extended without the Room. 

Before you can delineate your Dial, you muſt chuſe a convenient place in the Tranſum 
or Stroke of the Window to place a ſmall Glaſs of } of an inch Diameter, and there ma- 
king a mark for the Center of your Glaſs, proceed to find a Meridian-Line iſſuing from 
that Center as follows. When the Sun ſhines upon the Window, being three hours or 
more before or after 12,faſten a ſmall Packthread from the Center of the Glaſs perpendi- 
cularly from theCirling or td the Frame of the Window, the perpendicularity of the thread 
may be tried by gently applying the fiducial edge of a Quadrant thereto, or by a plumb- 
line, then faſten another thread alſo to the ſaid Center, and extend it Horizontally tothe 
oppoſite ſide of the Room, where faſten it ſo that the ſhadow of the Perpendicular thread 
may fall thereon, which may be exaQly found by applying a white Paſtboard under the 
Horizontal thread,alſo let there be an Aſſiſtant ready to take the SunsAltitude with aQua- 
drant,and when you find the ſhadow of the Perpendicular thread to fall preciſely vpon the 
Horizontal thread, at that inſtant let your Aſliitant dilizently obſerve the Suns Altitude, 
and note it down, then by the Suns Altirude obſerved, the Latitude of the Place and the 
Declination of the Sun being known, you may find the Suns Azimuth from the Meridian, 


Vide Afro. as bath been already ſhewn ; then provide a Sheet of large and ſtiff Paſtboard, upon 


nomcal 
Prob,Book 
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which deſcribe the Arch of a Circle as large as the Paſtboard will admit, and draw a Line 
from the Center thereof, repreſenting the Suns Azimuth at the time you took it, then by 
a SeCtor, having a Line of Chords iſſuing from the Center, (fitting the Radius of the 
Arch into the Chord of 60 deg.) lay the Chord of the Suns Azimuth from the Meridian 
according to its proper Coaſt, on the Arch drawnon the Paſtboarſt, from the Line drawn 
thereon, where the Compaſlles reſt, through that point draw a Line from the Center 
which repreſents the Meridian Line. Lay this Paſtboard ſo, that the Center of the Cir- 
cle drawn thereon may agreee with the Center of the Glaſs, and that the Line drawn on 
the Paſtboard repreſenting the Suns Azimuth, be placed under the Horizontal thread 
ſtrained in the Room, and exaCtly agreeing therewith; this done, faſten the Paſtboard 
to the Tranſum of the Window Horizontally with ſmall Nails, then looſe the Ho- 
rizontal thread, and bring it exaCtly over the Meridian Line drawn on the Paſtboard, 
and faſten it ſo to. the oppoſite ſide of the Room Horizontally, and ſo it becomes 
a Meridian Line ; and this Meridian Line may be transferred to the Ceiling by a Plumb- 
line applied from ſeveral points 1n the Ceiling, ſo as 60 touch this thread repreſenting the 
Meridian, a Line drawn by theſe Points is a Meridian Line on the Ceiling, as ABCK 
in the following Scheme. Now to draw the Hour-lines ; extend a thread from the Cen- 
ter of the Glaſs at D, tothe Point C in the Meridian on the Ceiling, fo that the Line C 
D may make an Angle of 38 deg. + with the Meridian, which may be found by applying 
the fiducial edge of a Quadrant thereto » from the Point Cdraw C P at right Angle with 
the Meridianz then meaſure CD, which we will ſuppoſe to be 63 Inches 4+., then to 


find the diſtances CE, CF, C G, &c. upon the Line CP for drawing the Hour-lines 
proceed thus, ſay, 


As Radius And, - As Radus 
AS 6D 634+ ToCD63'; 
So is Tang. 15 deg, for 1 hour So is Tang. 33 dep, for 2 hours 


And 
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And ſo for CG, CH, Gc. as inthe Table following the Scheme. Then draw ano- 
ther Line as K O parallel to C P, and ſuppoſe the diſtance C K to be 47 Inches; then 
co find the diſtances K L, KM, K N, &c. firſt find A K,' thus. 

As the Sineof D AC 51 deg. 30 min. 
to CD 63? Inches Which added to C K 47 Inches 
So is Radius makes A K 128 Inches, 
. toAC81 Inches 


Then find K S which is parallel to CD, thus, 


As Radius 
toAK 128 Inches 

So is SimeKASg1d. 3om. 
toK S1o1 Inches 


Then to find the diſtances K L, KM, K N, &c. proceed thus TT 


Say, And 
As Radius As Radius 
toKS1oi Inches to KL 101 Inches 
Sois Tang; 15 deg, for 1 hour Sois Tang. zo deg. for 2 hours 
to KL 26 Inches £,, to K M 57 Inches 4-. Gig 
And after the ſame manner find KN, K O, &c. as in the aforeſaid Table. 
K 


WC: - 


0 
The Table. 

Dari Note,You mult extend the Lines 
me. _— rn — = CP and KO on both ſides of the 
C E [2.8 KR L : Meridian A K as far as you can,and 
"CF 38 5 KR M 57 9 | alfoſetoff thediſtapees CE, CF, 
C G 63 3 k N |. 101 Of eo & 2nd KL.R M ROS 
C H | 19 6 S C01 13.01 bb fdesthe fald Meridian and 

C 1 136 5 Kk_P 373 © by thoſe Points draw theHour-li 
of 11, 10, 9, &s, on the Weſt 
Keee 8 fide 
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| ſide of the Meridian, andthe hours of 1, 2, 3, &c. on 
and finiſh your Dial. 


To place the Glaſs Horizontal, take theſe DireQions : When you find it to be near 
12 at Noon, by ſome Quadrant or Sun-Dial, fix the Glaſs in the hole appointed for it 
with ſome Putty, as near Horizontal as you can, then with a Quadrant take the Altityde 
of the Sun, and obſerve the place where the Spot reflected from the Glaſs falls onThe 
Ceiling, and make a mark there, then extend a thread from the Center of the Glaſs to 
the mark on the Ceiling, and apply the fiducial edge of the Quadrant thereto, and there- 
by find what Angle the ſaid thread makes with the Horizon, which if it be the ſame 
with the Suns Altitude, the Glaſs is well placed, but if it differ therefrom, then you 
muſt remove the Glaſs according to Diſcretion, till it agree with the Altitude of the Sun, 
which you muſt examine by ſeveral trials, and ſo fix it with Putty or Cement. 


Note, you tauſt rub off the Polliſh of the Glaſs on the backſide thereof with a Pumice 
Stone, or elſe it will refleft a double Spot. 


Vi 
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To make an Univerſal Dial on a Globe ;, and to cover i if 
required. 


Globe ſaith Euclid, is made by the Rotation of a Se- 

micircle, keeping the Diameter fixed. This Dial, if 
Univerſal, will want the aid of a Magretical Needle to 
ſet it,and it muſt move in a Horizon, as the uſual Globes 
do z whoſe Xquator let be divided into 24 hours. You 
may ſee the Figure in the Third Chapter of the 
Second ; Book. This Globe is to be ſet to the Ele- 


S vation of the Pole, the hour of 12 being in the Meri- 

dian, and hath two Gnomons proportioned to the Polar 

Circles, which are divided into 24 hours, 3nd ſerves for 

I. a North _ _—_ _ _ and to the Poles is fit- 

'T m ted a movable Semicircle. To find the hour of the Day, 

A __—— ——_— turn the Semicircle till it caſt no ſhadow ; Ther to 

1 n=" croſs the Equinoctial in the hour of the day, 1f you 

Lo Mia deſire to cover the Globe, and draw Lines thereon, do 

— A © it thus : With a pair of Calapers meaſure the Dizmeter 

mt of the Globe you intend to cover ; which being known, 

= a AS find the Circumference thus : Multiply the Diameter by 

"_ 5 A 22, and divide the Product by 7, and you have your 

Þ— ww 6 4 deſire.Let theCircumference found be the Line E F,which 

= J_—_— divide into 12 equal parts at the diſtance of three of 

=— W; '® _ _—_——_— E and F draw the Lines ABand CD 
— Jo | parallel toEF. 

Jon > Dividethe Lines EG and F H being of the length 

-—— 1 of FE, into 12 equal parts; then ſet your Compaſſes at 

No i—_ | £ E, and extend them toF, and deſcribe the Arch BC, 


then ſet your Compaſſes in H, and extend them to 1, 
and deſcribe the Arch B 1 C3 ſo place your Compalles 
in F, andextend them toE, and deſcribe the Arch A E 
D; then place them in G, and extend them to 11, and 
deſcribe the Arch A 11 D ;- and ſo you mult deſcribe the 
other Arches. The Segments Comprehenders between 
theſe Arches being cut out with the point of a Pen-knife, 
and paſted upon the Globe will make a Cover for it. 


To paint and finiſh the Dials, ready to be ſet up in 
their Places. 
Or to faſten the Stile into the Plane, if it be of 
Wood, you muſt have a ſmall thin Chizel, Gouge, 
and Gimblet, to let in the Stile, be it round as a rod of 


Iron, or a plece of Braſs, let in with a foor an inch and 
half, more or leſs, as you ſee convenient ; ard in the 


Mortiſes as jult che breadth and length of the foot of the Stile ; 


"und if i comes thorow, to clinch on the other ſide, then it is faſt. It 


s- 


_ 
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If it is in Freeſtone, your Dial drawn firſt in Paper, lay it upon the Plane as it ſhould 
be ; then cut out the Subſtile-line as near its breadth as you can, and only leave ſo much 
2s will juſt hold it togerher. The Paper Iatd as before on the Plane, with a Black Lead 
penGl, or ſuch like, draw the Subſtile-line where it ſtood in the Paper, and with a 
ſmall Chizel make ſuch Mortiſes in that Line as are anſwerable to the foot of the Stile ; 
an&Rtrook his foot, and put it into its place; then with a ſmall Ladle and ſome Lead 
melted, put the Stile perpendicular with the Plane, and pour in the Lead into the Mor- 
tiſe until it is full ; and when it is cold, then with a blunt Chizel barden the Lead in on 
each ſide of the Stile or Gnomon : And if the Mortiſe ſhould be too wide, or broken, 
and not even with the Plane, then wet ſome flower of Alabaſter, (as you may have it fir 
for that purpoſe at ariy Maſons) and as ſoon as it is wet make a Plaſter, and ſo ſmocth it, 
and ſpread it even and plain, and it is preſently dry. Now have you the Stile faſt. 

To paint them, you mult firſt Prime them : The Prime is made thus. Take an equal 
quantity of Bole-Armoniack 2nd Red Lead, well ground together with Linſeed-Oyl, 
and well rubed in with a Bruſh or Penſil into the Plane ; that being dry, for the outfide 
colour, it is White Lead or Ceruſe well ground together with Linſeed-Oyl. Buy the 
White Lead artd grind it te a Powder, and put it into Water until it become as thick as 
Pap, and let it dry , then it is for your uſe togrind with Oyl. 

For the Hour-lines a Vermilion, and a part Red Lead, well ground together with Lin- 
ſeed-Oyl, with a ſmall quantity of Oyl of Spike, or Tarpentine that will dure, and 
make the Lines ſhine. 

For a Gold Border, rub the Border well with the white Ceruſe; be ſare it be very 
thick in the Border : Then with Blue Smalts ſtrew very thick the Border while it is wet, 
and when itis dry, wing that which is looſe off, and ſave it in a Paper. 

Take Red Lead and White Lead, as much Red Lead again as White, or Yellow Oker, 
well ground with Oyl of Spike or Turpeatine; this is the Siſe : Then draw with that 
the Figure you would haye in Gold, and when it is fo dry that it will not come off on 
your Fingers by a ſlight touch, lay on the Gold; and whea it is thorowly dry, wing 
it off. | 

How to make a good Black, to ſhadow or make Figures. Grind well with Linſeed- 
oyl Lamb-black, with ſome Verdigreaſe, and that is a firm Black. The like you may 
do with all other Colours, as you fancy for ſuch Work. 

A Receipt for Red Ink, Firſt, Steep one Penny worth of Brazeel-Wood all night in 
Urine ;, then boil it well and ſtrain it ; then bruſe two penny-worth of Cochineel, and 
boil it, and put in it the bigneſs of a Hens Egg of Roch-Allom, that brings it to a colour, 
and then it is for your turn. 

To paint Freeſtone, waſh the Stone with oyl, and then all the Colours before may be 
uſed, as direCted. | 
How to cleanſe a Pilture. Take Blue Smalts, temper it ia Water, and rub the Picture 
with it, and after wipe it with a Linnen Cloth, which Cloth ſhonld be dipped in Beer, 
or otherwiſe with a dry Cloth, and it is clean. 

Te cleanſe a Gold Berder, Waſh it with Beer, anddry it, and then cleanſe it with 
Linſeed-oy]. | 

Maſticous is a fine Yellow, ground with ſame Oyl of Spike or Turpentine. 

Bice is a good Blue Colouring, to be ground with Linſeed-oyl and Red-Lead. 

And Spaniſh Brown will make a laſting Colour for Coarſe Work. 

To grand Gold to Write and Paint. Take as many Leaves of Gold as you pleaſe, Ho- 
ney three or four drops ; mix and grind theſe, and keep it in ſome Bone Vellel. If you 
will write with it, add ſome Gum-water, aud it will be excellent. 


All things paſs on : Thoſe Creatures which are made, 

Fail, and by Time's aſſiduate motion fade. 

Much like the Running Stream, which cannot ſtay, 

No more can the light Hours that poſt away. 

But as one Billow, haſt "ning to the Shore, 

hnpels another, and fill that before 

Ls by the following driv'n ; [o we conclude 

Of Tune, it ſo flies, and is fo purſud. 

The Hours are always new ; «and what hath been 

fs never more to be perceiv'd or ſeen : 

That dajly grows, which bad before no ground ; 

And Minntes, paſt once, never more are found. 

The fretting Age deceives, and ſtealing plides ; - 
And the ſwift. Tear on looſe-reign'd Horſes rides; A 


112 T he Art of Dialling. Book VII. 


A Summary of ſuch Penalties and Forfeitures as are li- 


mited and appointed by ſeveral As of Parliament 
relating to the Cuſtoms and Navigation. © 


Firſt, LL manner of Goods Imported into his Majeſty*s Plantations, or exported 
out of his Majeſty's Plantations, in Foreign Shipping, both Ship and Goods 
are forteited. Vide Statute of Navigation, 12 Carols 2, 18, 


Secondly, All Goods that are of the growth of Aſia, Africa, and America, imported 
in Foreign Shipping are forfeited, per 14. Start. 

Thirdly, All Goods of the growth, produftion, and Manufature of 4ſia, Africa, 
and America, ſhall be imported from the place of their growth, produCtion, or many. 
fafturez otherwile both Ship and Goods are forfeited, per id. Star. 

Except the Goods of the Spaniſh Plantations may be brovght from Spain,and the Goods 
of the Portugal Plantations may be brought from Portugal, and Eaſt India Commodities 
may be brought from any Port on the Southward or Eaſtward of Cape Bona Speranza, 
and the Commodities of the Levant Seas may be brought from any Port within the 
Straights, provided that all theſe Goods may be imported in Engliſh Shipping, other- 
wiſe both Shipand Goods are forfeited, per id. Stat. 

Fourthly, All Goods of Foreign growth, produttion, or manufaQture, ſhall be impor- 
ted from the place of their growth, produCtion, or manufaCture, or from ſuch place 
where they are uſually firſt Shipp'd for Tranſportion only, and only in Engliſh Ships, ot 
in Ships truly belonging to ſuch place where ſuch Goods are lawful to be Shipp'd ; other- 
wiſe both Ship and Goods are farfeited, per id. Stat. 

Fifibly, All Goods carried from Port to Port (in England, Ireland, Wales, or Berwick) 
in Foreign Shipping, whereof the Owners or Part-owners are not all Engliſh, alſo the 
Maſter and three fourths of the Mariners,. both Ship and Goods are forfeited, per 14 Stat. 

Sixthly, All Goods of the growth, produftion, of manufafture of any of his Ma- 
jeſty's Plantations, ſhall be firſt landed in England, Ireland, Wales, or Berwick, before 
they can be Tranſported ; otherwiſe both Ship and Goods are forfeited, per id Star. 

Seventhly, All manner of Wines, except Rheniſh; all Spicery and Grocery, Tobac- 
co, Pot-Aſhes, Pitch, Tar, Roſin, Salt, Deal Boards, Fir Timber, or Olive-Oyl, that 
ſhall be imported from the Netherlands or Germany, are forfeited, as alſo the Ship in 
which they are imported, /iat Stat. 14 Car. 2. 11. intituled, 4n AG to prevent Frauds,&c. 
in bis Majeſty's Cuſtoms, 

Eighthly, All freſh Herrings, freſh Cod or Haddock, Cole-fiſh or Gull-fiſh, that ſhall 

. be imported into Englandor Wales, in Foreign Shipping, both Ship and Goods are for- 
feited. Vide Stat. 15 Car, 2, 5. intituled, And A for enconraging of Trade. 


Goods forfeited for being imported into England or Wales, without any Penalty ugbn the Shis : 
ind q hi Goods being o Engliſh p< 5.99 7 anaigget _ fy 
A'L menner of Tin and Pewter ManufaQtures made in Foreign Parts are forfeited, 
A. Yiae Stat. 25 Hen. 8. 14. | 
Officers may ſearch and ſeiſe Wares brought into the Realm contrary to the ſaid AR, 
and none ſhall withſtand the ſearch of Braſs, Tin, and Pewter, on the forfeit of five 
Pounds, per 1d. Stat. 
Woollen Cloths, Woollen Caps, Ribons, Fringes of Silk and of Thread, Laces of 
Silk and of Thread, Silk Twine, Embroidered Laces of Silk or Gold, Saddles, Stir- 
rops, or any Harneſs belonging to Saddles, Spurs, Boſſes for Bridles, Andirons, Grid- 
irons, any manner of Locks, Hammers, Pincers, Fire-tongs, Dripping-pans, Dice, 
Tennis-balls, Points, Purſes, Girdles, Gloves, Harneſs for Girdles, iron, Latten, 
Steel, Tin, or Alciymy, or any Wrought, or any Tawed Leather, any Tawed Furs, 
Biskin Shoos, Galloſhes, or Cork, Knives, Daggers, Wood-knives, Bodkins, Sheers, 
for Taylors, Sciilors, Razors, Cheſs-men, Playing Cards, Combs, Pattens, Pack-nee- 
dles, any painted Wares, Forſers, Caskets, Rings of Copper or of Latten, gilt Cha- 
fingdiſhes, Hanging Candlefticks, Caffing Balls, Sacring Bells, Rings for Curtains, L-- 
dles, Scummers, counterfeit Baſons, Ewers, Hats, and Bruſhes, Cards for Wooll, black 


Iron, Thread called Iron Wire, or whited Wire, are forfeited if any ſuch be imported 
into England or Wales. Vide Stat. 4 Edw. 4. - | All 
"Say >3 
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All Irog-Wire, Card-wire, or Wooll-cards, that ſhall be iraported into £71 or 
IVales, are forfeited. per Star. 35 Eliz, 14. 14 Car. 2. 19, 2s 
All manner of Girdles, Harneſs for Girdles, Points, Leather, Laces, Purſes, Powiciios? 
Pins, Gloves,. Knives, Hangers, Taylors Shcers, Scillors, Andirons, Cobbards Ton b; 
Firc-pcks, Gridirons, Stock-locks, Keys, Hinges and Garvets, Spurs, painte: Clalles- 


painted Papers, painted Forcers, painted Imazes, painted Cloaths, beaten Gold o:; 5i! 
ver wrought in Papers for Painters, Saddles, Saddle-trees, Horſe Harneſs, Boots, Bits 
Stirrops, Chains, Buckles, Latten-Nails with Iron Shanks, Curvets, Hanging-car dle- 
ſticks, Holy-water, Stops, Chafing-diſhes, Hanging Lavers, Curtain-Rings, Cards for 
Wool, Roan Cards, Sheers, Buckles for Shoos, Broaches for Spits, Belts, Hawk-bell; 
Tin and Leaden Spoons, Wire of Latten and Iron, Candleſticks, Grates, Horns {: Lan- 
thorns, or any of theſe, beitg imported into England, are forfeited, or the value there- 
of, betwixt the King and the Proſecuter. Theſe may be ſucd for in any Corp»ration 
where they are. Yide Stat, 1K. 3. 12. : 

All Girdles, Harneſs for Girdfes, Rapiers, Daggers, Knivcs, Hilts, Pummels, Lock- 
ets, Blades, Handles, Scabbards, Sheaths for Knives, Saddles, Horſe-Harncts, Sturrops, 
Bits, Gloves, or Points, Leather, Laces, or Pins, that ſhall be imported into England 
or Wales, ſhall be forfeit. 5 Eliz. 7. 

All manner of Silk wrought by it ſelf, or with any other Stuff, ia any place out of the 
Realm, Ribbons, Laces, Girdles, Corſes called Corſes of Tillue, or Points, ſhall be for- 
teited, per Stat. 19 Hen.7. 21. 

All Foreign Bone-lace, Cut-work, Fringe, Embroidery, Bandſtrings, Buttons, or 
Needle-work, made of Silk or Thread, or cither of them, being imported into England, 
Wales, or Berwick, ſhall be forfeited, beſides the forfeiture of i 00 pound. 14 Car. 2. 13. 

All manner of Woollien Cloth that ſhall be Imported into England, Ireland,or Wales, from 
beyond the Sea, ſhall be forfeited. Yide Srat . 2 Edw. 3. 3. and 4 Edd. 4.1. | 


in what Caſes Goods are forfeited for undue Shipping or Landing. 
A LL Goods that ſhail be Shipped or Landed before the Cuitom paid or agreed for ia 
the Cuſtom-houſe, are forfeited. Vide Star. 12 Car. 2. 4. intituled, The A for the 
Tonnage and Ponndage. - | 

All Goods that ſhall be Shipped or Landed, or put into any other Vellel to be Ship- 
ped or Landed, at any unlawful time or place, are forfeit, or the valne of them. i E112. 2. 
and 14 Car. 2.11. | 

All Goods that ſhall be put into any Lighter, Boat, or any other Veſlel, to be Shipped 
or Landed, without Warrant from the Cuſtom-houle and the preſence of one or more 
Cuſtom-houſe Officers, are forfeited, as alſo the Lighter or other Vellel in which they are 
found to be Shipped or Landed. Vide Stat. 14 Car. 2.11. ; 7 

If any Maſter of Ship, Purſer, Boatſwain, or other Mariner, knowing or conſenting to 
the diſcharge ofGoods inward bound, without Warrant from the Cuſtom-houſe or the pre- 
ſence of one or more Cuſtom-houſe Officer, ſhall forfzit the value of the {aid Goods fo un- 
ſhipped. Yide Stat. 14 Car. 2.11. 

Every Cuſtomer, Colleor, and Comptroller, that doth conceal his Majelties Cuſtoms, 
being duly Entred, ſhall forfeit treble the value thereof, per Stat. 3 #.6.3. | 

If any Goods having paid Cuſtom at the Importation, and ought to have allowance 
at the Exportation ;, If the Merchant Ship out leſs in quantity than is exprelled in his 
Certificate, ſhall be forfeired, or the valve of them. 14 Car. 2. 11 

If the ſaid Goods be Landed again in England, Wales, or Berwick,, except they be 
made known in the Cuſtom-houſe, ſhall be forfeit, per 5d. Stat. 

If any Goods be put on board a Ship to be carried from Port to Port, without War- 
rant from the Cuſtom-houſe, all ſuch Goods ſhall be forfeit, per id. Scat. 

If the true Content of Quantity and Quality be not mentioned in the Certificate, un- 
der the Cuſtomers hand in the Port where they are Shipped firſt co paſs for another Port; 
all ſuch Goods not certified or diſcharged before the {aid Certificate delivered, and the 
Goods viewed, ſhall be forfeit, per Star. 3 H. 7. 7. 

Quere, Whether this Statute be in force or not ? | : 

All manner of Goods, Wares, or Merchandize, that ſhall be Expotted, and eſcape un- 
diſcovered unto the Offices of the Cuſtoms,the Owner or Proprietor ſhall forfeit double the 
| | 6p rag, to the Book of Rates ; Except forCoals,for which they ſhall forteic double 
Cuſtom. Vide Star. 14 Car.:2. | E2 
| All Goods, Wares, and Merchandize, that ſhall paſs by Land betwixt England and Scot- 

Lend, ſhall paſs by and through Berwick and C arli/le, and pay Cuſtom at one'of thole Ports, 
otherwiſe be forfeited, per Star. 14 Car, 2. 11: Free In 
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In what C aſc: Ship and Goods are forfeited upon Exportation of Goods. 
FF any Woman, or other perſon under the Age of twenty one years, except Ship-boys, 
Saylors, or Merchants Apprentices, or FaRtors, ſhall paſs over the Sea, without Licence 
from the King, or fix of the Priyy Council, the Ship in which ſnch Perſon ſhall ſo paſk 
ſhall be forfeit. Vide Sar. 1 Jar. 4. 

If any Perſon ſhall Tranſport, or Ship to be Tranſported, Leather, Tallow, or Raw 
Hides, to any place beyohd the Sea, all ſuch Goods ſhall be forfeit, as alſo the Ship 
wherein they are Exported, Vide Stat. 18 Elit. 9. ; 

If any Hoy or Plat croſs the Seas beyond Norway Baftrard, or Carmin Normandy South. 
ward, they ſhall be forfeit. YVigk Star. 1 Eliz. 13. 5 Eliz.5. 13 Eliz.15, 

If any Corn, or other Vittual, be Tranſported, exceeding the Prices mentioned in the 
AG for encow aging of Trade; or if anyW ood ſhall be tranſported, they ſhall forfeit the Veſſe! 
in which it ſhall be Exported, and alſo donble the value of the Goods. Yds Star. r. 2 Phil, 
& Mar. 5: the Maſters and Mariners all their Goods, and a years impriſonment. 

* If any Goods of the growth, produftion; or manufatture of Exrope be tranſp»rted into 
his Majeſties Plantations, except from England, and Enghſh built Shipping,both Ship and 
Goods, are forfeited. Vide Star. 15 Car.2.5. 

If the Maſter ſhall ſuffer any Goods to be Landed before a due Entry made within twen- 
ty = hours after arrival in the ſaid Plantations, both Ship and Goods are forfeited. 

1d, Stat. 

If any Ship ſhall ſet out to Fiſhing, or other Veſſel ſhall ſet out for the Weſt Country or 
Iſcland Fiſhing,before the tenth day of March in any Year,ſuch Veſſel ſhall be forfeit. Vide 
Stat. 15 Car. 2.14. intituled, An At for the Fiſhing Trade. 

If any Sheep or Woll, Woll-fells, Wooll-flocks, Mortlings, Shorlings, Yarn made of 
Wooll, Fullers-Earth, Fulling-Clay, ſhall be Exported, all ſuch Goods are forfeit, as alſo 
the Ship wherein they are Exported. FYide Star. 12, Car. 2. 32. 

If any Silver or Gold be Exported without Licence, it ſhall be forfeited. Yide Stat. 
5R.2.2, & 9 Edv.3.1. & 2 Hen, 4.5. & 2 Hen, 6.6. 

None but Merchant Strangers ſhall tranſport Woll, Wooll-fells, Leather, and Lead be- 
yond the Seas, upon the forfeiture of the ſaid Goods. Yde Star. 27, Ed.3.3. 14 Rich. 2, 5, 

If any Skin, tann*d or untann'd, of any Ox, Steer, Bull, Cow, or Calf (except Calvye- 
$kins of four pound weight a-piece, or under) and Sheeps-$skins dreſſed without the Wooll 
of ſuch Skins or Hides, which are for the Ships necellary Proviſion, ſhall paſs out of Eng- 
land beyond the Seas, or into Ireland or Scotland, or the Iflands belonging to England, 
fhall be forfeited. Yide Sta. 14, Ce. 2. 7. 

If any of the Hides or Skins aforeſaid, that ſhall be taken off of any Beaſt in any of 
the Iſlands oapag es Bao except Ireland, ſhalt be tranſported into any Place ex- 
cept England, the Offender ſhall forfeit double the value for every Offence, per 5d. Scar. 

All manner of Ammunition may be prohibited at His Majeſtics Pleaſure, 12 Car. 2. 4. 

TP Sheep ſhall be Exported, the Offender ſhall forfeit 20 s. for every Sheep. Ye 
12 Car, 2. 32. 

; If anyWooll, Wooll Fells, Wooll Flocks, Mortlings, Shorlings, Yarn made of 
| Wooll, Fullers Earth, Falling Clay, ſhall be ſhipped to be Exported, the Offender ſhall 
forfeit three Shillipgs for every pound weight. | 

If any Maſter of a Ship, or other Mariner, be knowing and conſenting to the Ex- 
portation of the Goods aforeſaid, he ſhall forfeit all his Goods and Chatrels, per id. Scar. 

Theſe Offences are alſo made Felony per Sree. 13, 14 Cr. 2. 18. except ſuch Wea- 
ther-ſheep, Wooll, or Wooll- flocks, as are for neceſſary proportion for the Ships uſe. 
_ If any Wooll, Wooll-flacks, or Yarn made of Wooll, ſhall be preſſed with any Engine 
into any Sack, Pack, or other Wrapper, or ſhall put, preſs, or ſteeve Wooll or Wooll- 
en. Yarn into any- Pipe, Butt, or » Cheſt, or other Cask or Veſlel, or carry or 
lay any ſuch Wooll, Wooll-flocks, or Yarn made of: Wooll, near to the Sea, or any Na- 
vigable River, all ſuch Wooll, Wooll-flocks, and Yarn made of Wool}, ſhall be forfeit-- 
ed. Vide Stat, 13, & 14 Car. 2. 18. 

if any Wooll, Wooll-fells, Mortlings, Shorlings, Yarn made of Wooll, Wooll-flocks, 
Fullers-Earth, Fulling-clay, or Tobaccopipe-clay, being in- any Pack, Sack, Bag, or 
Cask, ſhall becarried uponany Horſe, Cart, or other Carriage, except in the day time, 
_ You be ts of March to the twenty ninth of Seprember betwixt the hours of four 

Cc nin 


g, andeight at Night, and from the twenty ninth of September, until the 
firſt of. March between the bours of ſeven in the Morning, and five at Night, otherwiſe 
to be forfeited, per 1d, Star, BY | ul NED lt 
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If any Tobaccopipe-clay be Exported beyond the Sea, the Officer orfei 
Shillings for every pound weight, per id. Fe OY OG 

If any manner of Sheep-skins, Wooll-fells, Mortlings, Shorlings, or the Skins of any 
Stag, Buck, Hind, Doe, Goat, Fawn, or Kid, or the Pelts or Skins of any of them, 
or ghe Leather made of any of them, be put on board any Veſſel to be 


Te rted, t 
ſhall be forfeited, as alſo two Shillings fix Pence for every Fell, Shorlln gx » they 


or Skin, 10 ſhipped to be Exported. Vide Star. 5 Eliz. 12, arg 

All great Cattel, except of Scotland, that ſhall be imported into England or Wales be- 
twixt the firſt of Faly and the twentieth of Seprember, in any Year ; and all great Cattel 
of Scotland that ſhall be brought in berwixt the twenty fourth of Avgxſt and the twenti- 
eth of December in any Year, ſhall forfeit for every Head Forty Shillings and for every 
Sheep brought in betwixt the one and twentieth of Auguſt and twentieth of December, 
ten Shilling per Star. 15 Car. 2. 5. 

If any Goods be entered in any otherMansName than the true Owner and Proprietor, 
they ſhall be forfeit: And if the Officer conceal any offence in the ſaid AR, he ſhall for- 
feit one hundred pounds. Yide Stat. 1 Eliz. 11. 

If any Man, being free of the Priſage of Botlerage of Wine, ſhall Enter another Mans 
Wines in his Name, whereby the King loſeth bis Butlerage, all Wines fo Entered are to 
forfeit double the value of the Cuſtoms thereof. Yide 1 Hen. $. 


If any Man offend contrary &o the Stat. 1 Hen, $. 5. he ſhall forfeit all his Goods. 
Vide Stat 2, & 3 Eaw.s. 22. 

If any Officer of the Cuſtom ſhall ſuffer or give any Warrant for any Sugar, Tobac- 
co, Ginger, Cotton-wool!, Indico, Speckle-wood, Famaics-wood, Fultick, or any 0- 
ther Dying-wood, of the growth of any of his Majeſty's Plantations, to be conveyed 
into any parts beyond the Seas, before they are Landed in England or Wales, for every 
offence he ſhall forfeit the value of the ſaid Goods. Vide Srar. 15 Car. 2. 5. 

All the Goods of an Alien Merchant or Factor in any of his Majeſty's Plantations are 
forfeited. Yide Stat. 12 Car. 2. 18. | 

If any manner of Copper, Braſs, Latten, Bell-metal, Pan-metal, Gun-metal, or 
Shroof-metal, ſhall be put on Board any Vellel to be tranſported, the offender ſhall for- 
feit double the value, to be divided betwixt the King and the Proſecutor. Vide $c4r. 
33 Hen. 8. 7. 

Andalſo ten pounds more for every thouſand ponnd weight, per Srat. 2 & 3 Edw. 6.37. 

The Cuſtomer ſhall take Bond in donble the value of the ſaid Goods, when they ſhall 
be tranſported from Port to Port, and alſo ro}. oyer and above for every thoufand 
pounds weight and give Bond ; which Bond if it want a Date, the Cuſtomer ſhall forfeit 
the value of the ſaid Goods, and alſo his Place, per id. Sta. Ne 


If any Cuſtomer grant a falſe Certificate for the aid Goods, he ſhall forfeit his Place, 
and the value of the Goods ſo concealed. 33 Hen. 8. 7. 


If any Maſter of aShip, Owner, Purſer, or Boatſwain, knowing ſuch Metals to be 


Shipped, and do not diſcloſe it within three days, he ſhall forfeit double the value of it. 
Vide Stat. 3 & 3 Edw.6. 37. 


If any Officer of the Cuſtom-Houfe, knowing ſuch Metals to be Shipped to be tranſ- 


ported, do not feize it, he ſhall Iofe his Office, and the value of the Goods ſo Shipped. 


Vide Stat. 2& 3 Eadw.s6. 37. 


If any Perſon ſhip any of the ſaidMetals at any place,except where there is aCuſtomer, 
he ſhall forfeit the value of the Goods, and alſo ten pounds for every 1000 pound weight, 
6d, Stat. 
If the Governor of any Plantation belonging to his Majeſty, do not his Daty juſtly; 
according to the AF for Encouragement of Trade, he ſhall forteit his Place and 1000 & per 
Stat. 15 Car. 2.1 


Every Perſon the fall be found guilty of tranſporting of Leather, ſhall for every 
Offence farfeit 500. Vide Stat. 14 Care 2.7. ; | 

Every Cuſtomer, or other Officer, that ſhall negle& his Doty, or connive at the 
Tranſportation of Leather, ſhall for every Offence forfeit 1co Pounds. Fide Stat. 
' I Fac. 22. 


Every Cuſtomer, or other Officer, that ſhall make a falſe Certificate of the Landing 
of Leather, ſhall forfeit 1001. per id. Stat. | 
If any Goods or Merchandize ſhall be ſhipped. or Landed- at any unlawful time or 


place, for every Offence.the Maſter, Qwger; or Purſer: ſhall forfeit. 100 4 1 Ekz. 11: 
& 14 C@r2. 11, Lawfel 


”_ 


—116 Penaties and F, orfeitures relating td Book Vir. 


| L awful times are only from the + ; fnoxwahnordyrdg o yen betwixt San-riſing and 
Sun-ſetting ; and. be Seprember until the fir betwixc Clock | he 
Maney, ahd 4 "AX; mT _ The Port of A F x here excepted. hs wh” 


If the Captain, Maſter of a Ship, or Purſer ourward bound, ſhall rake in any Goods before A 
try, he ſhall ſorfeir 100 [. Vide Scar. 14 Car. 2. 11. | 
'F he go away before cleared on Oarh in the Cuftom -houſe, giving a true ' Account of his La- 
ding, &c. he ſhall fofeir 100 /, & 3d. Stat, 

any Captain, Maſter of a Ship, or Purſer, do nor bring his Ship ro the Porr, and make Entry 
with as much ſpeed as Wind and W rer will permit, for every Offence he ſhall forfeit 100/; Vide 
Stat. 14 Car. 2. | | 

If he permit any Goods to be taken out of the Ship, to be Landed, before he harli tnade his ge- 
neral Entry upon in the Cuſtom-houſe, for every Offence he ſhall forfeir 100 /. Vide Star. x 
Eliz. 11. ; 

If any Captain, Maſter of a Ship, Purſet; or Boar-ſ\wain, or other Perſon raking Charge of the 
Ship; ſtall permit ahy fofr of the Packiye therein to be opened, imbeazled, or alrered, for every, 
Offence he ſhall forfeir 100 /. Vide Star. 14 Car. 2. 11. | | 

| Men of Warto beliable ro the Rules that Merchants Ships are ſubject ro I,iberty ro go on board 
and rake our Prohibired and Uncuſtomed Goods. The Commitſioners and their Depuries to enter 
on board, and bring on ſhore Goods outward and inward bound, The Officers may ftay on board 
until rhe Goods be diſcharged. 14 Car. 2. 

If any Goods be found concealed aboard the Ship,when rhe Officers of the Cuſtoms have cleared 
the Ship, the Maſter, or other Perſon, ſhall for every Offence forfeit 100 /. per id. Star. 

If any Wharfinger, Crane-keeper, Searcher, Lighrer-man, or other Officer. knowing any Of- 
fence contrary to the Stature, do not diſcloſe it ro the Cuſtomer, he ſhall forfeit 100 /. Vide Stat. 
1 Eli. 11. 

If any Wharfinger or Crane-k ſhall rake up or Land, or ſuffer ro be Landed, or ſhip off, 
or ſuffer ro be Water bound, any Wares or Merchandizes, at any unlawful rime, or wirhour the 
preſence . of, or notice given ro an Officer at rhe Cuſtom-houſe, he ſhall forfeir for every Offence 
100 |, per Stat. 14 Car. 2.11, The Port of Hull excepted. 

If any Officers of the Cuſtoms ſhall directly or indiredly receive any Bribe, Recompence, or 
Reward, or ſhall connive ar any falſe Entry of Goods, he ſhall forfeir 100 /. per 5d. Star. 

MP Merchant, or other perſon, ſhall give ſuch Bribes, for every Offence he ſhall forfeir 50 l. 

ig. Stat. 

If any Packer-Boar, or other Veſſel appointed ro carry Letrers, ſhall Import or Export any 
Goods or Merchandize, for every Offence the Maſter ſhall forſeir 100 /. per id. Stat. 

If any perſon offer ro ſale any Foreign Bone-Lace, Cur-work, lmbroidery, Fringe, or Needle- 
work of Silk, or Thread, for every Offence he ſhall forfeir 50/. per 34. Star. 


If =_ of rhe ſaid Goods be imported into England or Wales, the Offender ſhall forfeit 100 4 
per. 5d. Stat. 
If any Officer of any Porr ſhall make a falſe Certificate, he ſhall forfeir 50 1. per 34. Stat. 


Bu _y perſon ſhall falſify. any Cuſtom-houſe Warrant, he ſhall forfeit for every Offence 100 [. 
per 14. Stat. | 


Every Officer appointed to perfect an Entry, ſhall make report thereof under his Hand, unto 
the Chief Officers bf the C Ng 


the next day, u the penalry of 100 /, unleſs there be 
cauſe of longer time to be allowed by rhe Chief" Oficers of rhe Cult 


oms, id. Stat, 
If any French Veſſel put any Goods or Paſſengers on ſhore, or into any ro be conveyed 
on ſhore, and nor pay t + qgn-px. of oo 4 


Tonnage due upon French Veſſels, upon rheir recurn 
they ſhall forfeir ren pounds, and pay all rhe former Dury, per id. Sta. 


If any Pilor or Waterman ſhall go our from any Porr, to bring in any Goods or Paſſengers from 
aboard of any French Veſlels,for every Offence he ſhall forfeir forry pounds per 5d. Star. 

It any Cu » Cemprroller, or Searcher, or their Deputies, do nor give their arrendance at 
the Cuſtom-Houſe ar ſuch time and places as are appoinred by Law, and alſo do nor rheir urmoſt 
ny ence in rheir reſpective places, fe every Offence rhe Offender ſhall forfeir 100 /. Vide Stat. 
1 E5X. 11. 


any Cuſtomer, Cotnprroller, or Searcher be nor reſident upon his Place and Office, for every 
Offence he ſhall forteir 10 /. Vide Stat. 3 Hem. 4. 13. 4 Hen. 4. 20, 21, 13 Hen. 4. 5. 

If any Cuſtom-Houſe Officers fraight any Ship, or uſe any Merchandize, or keep any Wharf, 
or hold any Hoſtery, or Tavern, or be Factor, or Arrorney, or Hoſt ro any Merchant, for every 
Offence he ſhall forfeir 40 |. for every ſix Months, to be divided berwixt the King and the Profe- 
curor. Vide Stat. 20 Hen. 6. 5. 

If = Cuſtomer, Comptroller, or Searcher, be a Common Officer, or Depury ro a Com- 
monOfficer in a Ciry, Borough or Town, upon the penalty of 4 1. for eyery fix Months hc 
(hall Officiate borh es rogerher, Vide Star. 3 Hen. 7. 1. 

» Whether this Starute be in Force or Repealed by the Star, 1 Hen. 8. 5. 


Engliſh Shipping is either _ /Þ built, or bought bona fide with Engliſh Money, whereof every 


Ownenorpar: Owner, are Engl, Liſb, Welſ, or of his Majeſty's Plaacations. — 
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A Table of Artificial Sines and Tangents. 
Degree o.___ 
"Fine. Co-ine_| Tangene| Coreg. | | 


0.000000'10,000000ſ0,000000| Infinita, | 
6.463726 10.999995164463726 13526274 
6.7647 $6[10.99999919-764756]13-23 5244 
6.940847 10.9999951[6-940847[13-059153 
7.065786|10.99999917-065786[12.934214 
7.162696/10.999999 7-162696 12.837304 
7.241877, 9-99999917-241878112.758122 
7.303824] 9-99999917-308825112.691175; 
7.366816) 9.99999917-366817112.633183; 
9,7-417968| 9.99995 917-417970|12:582030, 
1 10/7: 463726! 9.99999817-463727|12-536273; 
11/7.59511% 9.999998$[7.50$120|1 2.494380 
12/7. 542906] 9:99999717-544909/12-457091 
13/7-577668| 39999977-577672|1 2.422.328 
1417. 609853] 9.999996 7.609857112.390143 
15,7. Lonnnes 9. 9.999996 ., 639820 12.360180 
1617667 .667845| 9999995 7.667849|12.332151 
1717-694 173] 9999995 7-694179|12-395821 
1817.7158997] 9.999994 1.719003[12.280997 
197.742478] 9:999993 7-74248$4|12-257516 
2017.764754 9:999993 7:76 764761112.235239 
21/7.785943]| 9. 999992 7.785951112.214049 
22/7.806146| 9:99999117-806155]12.1 93845 
2317.825451] 9.999990,7-3825460]12.174 540 
247.843934} 9.999989, 7- +:343944/12-1 56056 
25\7.861662] 9:999989.7-3861674/12-138326 
2617.8738695| 9.999988}7.878708|12.121292 
27/7-895085| 9.9999871(7-395099]12-104gor 
28[7.910879| 9-9999861[7-910894/12.029106 
2917- 9.99998 547-9261 3441 2-073866 
3017. .99998 24005 12-03914 


on 


p 


ED EAT Bb 4p 


, 9.99991 5ÞÞ- 
8.302 54619-99991 38. 
8.308794; -99991 [8.308884 


8.31455. 14954,9- -99990}3.31 5046 
$.32102719-999905[8.321 122 
8, DS 


In :691116\50 
11.684 954/49 
I1.67887$[48 
11.672836[47 
11.66697 5146 
[11.661144(45 
11.655390 


.99990218.327114 
8.33292419.999819!8.333025 
8.338753/9- 9-999817]8. 338856 
8.344504/9-999894/8.344610 
3,35018119:999891 8.350289 
$.35578319-999888P.355895 
8.36131519-999885 mu 30 
+36677719. 
8.37217119. 
8.37749919- 


11.644105}142 
I11.$38570l41 
I 1.6331051|40 
I 1.627708139 
11.62237£$138 
I1.617I11 37 
[1.611908 36 
'S .60676635 
I1 .601685 34 


8. 377622 
8.382889 
9.999870'3.388092 

-39310119.999867 8.293234 
8.398179 9998648. 398315 
8.403199]9.99986118.403338|1 1.596662 33) 
8.408161 — -408304[11.591696 32 
8.413068 99854/-413213 IT, 586787 31 
\8$.41791919.99985 1/8. I 


I. :581932 30 


31 
3217. 
33 


8.422717 
8.427462 
8.432156 
8.4 36800 


9.999848 
9.999844 
9.999841 
9.999838 


8.42286 
8.429618 
8.432315 
8.436962 


11.577131 29 
11,572382 28 
I11.567E85 27 
11.563038 26 


1$-44139419:999834419.44 1 56o[1 44025 
8.445941 11999983118. 4461 10ſt 1. $553$90 24 
3 45044019.99982.718.4 506131 1.549387 23 


9.999824[8.455076}11:544930 2 
9.999820|8.459481]11.54051921 
6 s 11.536151 2 
11.531828|19 
11.527546[18 
11.523307117 
I1.519108|16 
11.514950}15 
11.51083o[14 
11.596750{13 
I1.502707]I2 
I1.498702|1 1] 
11-494733'10 
11.4908oo! g 


9-99979418-439170 
9-99979018.493250 
9.99978613.497293 
9.999782/8.501298 
9.99977818.595267 


9.99977418.509200 


T1.$73490 ; 
Þ 8.135810] 11.$64145 
4818.144953| 9.999958$13.144996 
4918.153907| y.999956[3.153952 

8.162681] 9.99995418. 162737 


51j8. .171280| 9.9999521[3.171328 


wy 


8.179713 
8.187985 
8.196102 
8.204070 


568.211895 
$7,8-219581 


59/8-234557 
60 $-241855 


588-2271 34} 


| A | Cocfine fine | Si 


Degree $9. 


11.820237 
11.81196g 
11.803844. 
11.79<874 


11.788 047 
11.789359 
11.772805 
11.795379 


I Co-rang 


— 


11.75%879 
angenr | 


9.999769 
9.999765 
9. 999761 


8.513098 
8.516961 
8.520790 


$.524343 9 9997 5718-524 586 


11.486902] 8 
IN 483039] 7 
IT. _* 

11-475414! 5 


8.528102 
8.531328, 
$.535523 
8. 539186, 


0.54281 $9997 518 
WR Sine 


s. 999753 4 
9.999748 
19.9997 


9.999740 


528349 
8.532080 
«335779 
2539447 


543054 


Co-tanp. 


L 1-4 64221 


11.47I651 
11.467920 


11.460552 


11.456916 
"Tangent 


M| 


P 


Degree 88. 


—_ 


A Table of Artificial Sines and Tangents. 


2 


M! Sine { Cogime, Tangent 


Co-rang. 
TFT 


11.371660, 


Degree 3. _ 
_Sine_|_Cofme \Tanpem 


8.7188009.999404 8.7193 

721204 9.999398 8.721806 
8.723595 9.999391/8.724204 
8.725972 9.999384'$.726588 
=—_ 36 9.9993788.728959 


74 5207 
£14747 
149740 


7519$9/11.24801 114 


11.252521 
11.25026 


27 $.63091119-995603[5.631308|1 1.368692 .180222[11.219779|37 
28 8.63385419-99959715'634256|11.365744 78232011 1.217680j32 
29 $.63677619-99959213-637184|11.362316 .784404111.215592/31 
30 8.63968019-999586 $.640093/11.359907 .786F86]11.212514/30 
31 3.64256319-9995$1]5.642982/11.357017 [5.7877369.999181 8.788554 11.211446|25 
32 3.64 542819-99957 5]5-645553[11.354147 |3.7897879.999174[8.790613j11.2093$7/28 
23 3.64$27419-999570[3-648704{r1.351296, [3.7918289.999166 .792662111.20733$|27 
34 3.65110219-99956418.651537111.348463' [8.7938599.9991 58 .794701111.205299126 
353.65391 1/9.999558 3.654352 11.345648, [3.795581 9.99915 796731 11.203269/25 
36 8.636702/9-9995 53]-657149111.342851| 8.797894 9.9991 42]8.798752[11.201248/24 
37 8.659475 9-999547]5-659925111.340072| [3.799397 9.9991 348-$00763 | 
338 8.662230 9-999 541 $.662689111.337311| [3.801$929.999126]P.802765[1t 197235/22 
39 8.664968 9-999535[3.665433][1 1.334567, F 80475811 
40.8.667689 9.99952918.668160|r 1.331840 4 | 806742111 
41;8.670393/9-99952 8.670870 I1.329130! 59.99 - 808717 Il 
42/3.673080 9.9995 181.673 56311 1.326437 . 810683111 
43;3.675751/9-999512 *67623911 1.323761 81264111 

44 $.678405 9.9995061[3.6789001[1 1.321100 $14589{11 
45:8.681043 9.999500[8.681544;1 1.31 $456 $16529i11 
468.68366519-999493]5-684172]1 1.315828, 9.99906118.818461]11. 

47 3.6862172/9.99948713.686784111.313216, 9.9990 53/8-820384{11.179616/113 
48 3.638863 9.999481 8.689381|11.310619 9.999044{8.82229$|11.177702/112 
49 $3.691433/9-99947 5]3.69196311 1.308037, 9-99993618.824205111.175795|11 
50 8.693999 9:-9959469]3.694529111.305471, [8.82 9.99902718.826103111.1738g 
51:8.696543 9:999463[8.697081|1 1.302919, 9.999019\g.827992[11.17200 
52.3.699073 9:99945613.699617]1 1.300383| $.82888419.999010\$.829874 11.17012 
5313.701599 9.999450[8.702139]11.297861 (8.830749 '9.999002|8:83174${11.1682 
54/3.704090 9.9994433.704646|1 1.295354] (8.83260719.998993/8 TÞ 
5518.706577 9-993437 $.707140|11.2y2860| [8.8344 56|9.99899 c 
56]8.709049 9-999431 $.709618111.293032' |8 836297, F 

6418.711507 9.999424{3.74 2083111.289917, [8.838130 


713952 9-999418}8.714534 

.716333(9.99941118.716972 

.71880019.999404 8.719396 
Co-ſme | Sine | Co-ranp. 


11.285466, 
[1.283028 
11.280604; 


Degree 87. 


Tangent | 


Sa. —_— 


8.84358 59-998941 
_Co-fine. | Sine... 


A Table of Artificial Sines and Tangents. 


Degree 4. [ " 
Sine |, Co-ſine. Tangent, Co-rang.. __ Sine je | Co- Co-ſine [Tangent | Co-tang. 
3.84358419.998941 8. $44644 11.155356] |. 8.94029619.99! 9983448. 941952[11.058048'60 
3.84 538719-998931 8.846455/11-153545| [$.94173819.998333/3.943404{11.056596/59 
3,84718319.998923 8. 848260, 11.151740| [8.9431749. 998322'S. 944852 11.05514%g3 
3.84897119.998914 8. $50057/11.149943] [$.94460619.99831118.946295]11.053405157 
'8.85075119.993905 8.851846 11.148154] [8.94603419.9983008.947734|11.052266|56 
8.85252519.998896 8.853628/11.146372| [8.9474 5619. 9938289 8.949168 11.050$32155 
8.85429119.998887 8.855403|11.144597| [5.948874 9.99827718.950597[11.049403[54 
s, .35604919-998878 8.857171111.142829] [8.959287|9.9982668.952021|1 1.04797 53 
$.857801[9.998869 8.858932/11.141068| |8. -95169699. 99825518. 953441111.046559]52 
93.859546[9.998860 8.860686|11.139314] |5.9531009.9982438.954856[11.045144151 
108.361283[9.998851 8.862433/11.137567] |8. 8.9544999. 9952328.956267111-04373350 
[1 8.36301419.999841 $.864173|11.135827] [8:9558949.9992208.957674[11.042326|49 
12.8.864738[9.998832 $.865906/11.134094 8. 9572849 998209 8.959075111.040925[48 
13, '$.86645519.998823 8.867632|11.132368| |8. -958709. 99819718.962473j11.039527147 
14 3. $6816519.993813 $.869351|11.130649 8. v9600529.9938186j8.961866[11.0381341[46 
1 5 8.869868[9. 5988048.871064/11.128936] |S. 9614299: 998174/3-963255111.93674 5145 
168.87 871565 56519-998795, 8.872756 $72750/[11.127230| |9. 96280119.9981638.964639{11.035361 44 
19 $.87325519-998785 8. 37616 1.125531] '|5. 964170/9.9981 5118. 966019111.033981]43 


| 


Eon, 


—_-127 


» 


ESD 5, 


Wy 


—_— 


1$ 8.874939. 9987768. 7616211.123838] 13.965534/9.998$13913.967394{11.032606[42 
19 $.87661519. 9937668. 877849|11.122151] |5. 966993 9. 998128|8. 968766[11.031234[41 
203.87328519.9987 57/8.879529/11.120471] [$.9682499.9981 16. 970133111.029367]40 


21 $.87994919-99874 713-88 1202/11.118798] (8 696009, 99$1048.971496{11.028505129 
22 $.88160719.9987381$.882869/11.117131] [$.97094719.99809218.9728551|11.027145138 
23 8.883258$(9.99$72 813.884 530|11.115470| [3 97228919. 993080[8.97420911 1.02579 1137 
24 $.88490319.998718[3.886185|11.113815] |. 9736289. 99806$18.975560[11.024440136 
25 $.88654219-99! -998708] Z 3.83783311 11.112167 8. $.974962's 99805 618. -976906{1 1.023094 35 
26 8.888174(9- 998699 8. 8.889476 11.110524| |S. 97629319. 9950448. 97824 8[11.021752134 
27 $.889801[9-998689 8.891112111.108888| 8. 9776199. 9098032158.9795861\11.02041 4/33 | 
23 8.891421[9.99867913-892742[11.107258| [8.97894 119.99802cſ8.980921[11.019079/32 
29 8.89303519-993669(3.894366[11.105634| [5.980259/9.998008[8.982251]11.017749/31 
30 8.89464 3/9. 98659[3.895984[11.104016| |8.9815739.997996[8.983577]1 1.016423, 39 
31 8.896246[9-99864 9[3.897 5961 1.192404| [5.9828839.997984[5.984899[11.015101129 
32 8.89784219.998635(3.899203[11.190797| [8.984189/9.997972[8.986217,11.0137$3/28 
33 8.8994 3219-998629]3.900803[11.099197| |$.985491 as \11.012468/27 


34 8.90101719. 99861913.902398[11.097602\{ [8.986789 9.99794718.988842:11.011158/126 
35 8.902 596[9.99860918.90398711.096013] [5.988083/9.99793 518-990 1491 11-00985 1/25 
36 8.904169|9-998599]8.90557o[1 1.094430 $.989374;7- -99792218.991451|11.005549/24 

37 8.905736(9-99858918.907 1471 1.092853] 18.9906609.9979 108.9927 50/11.007250|23 

38 3.907297 '9.99857813.908719]11.091281| |8. 99194319 -997897]8.99404 5111.00595 5/22 
398. 908853 (9.9985688.910285|11.089715 neg, 99788515.995337]11,004663/21 
408. 910404 9- 11.088154| [8.99449 0.997873 
41 911949 9.998548[8.913401]11.086599 $.995768(9.99" 99786 

28.913488/9-99385371[$.914951[11.085049| [8.997036[9.997847]3.999188|11.000812/18 
4 915022(9-998527[3'916495]11.083505] |8.99829919.99783 5j9-000465111.999535|17 
44 8.916550,9-998516 8.918034|11.081966 OP SEO 997020P-001 730! 1.9982621|16 
4518. 918073 (9-998506[8.919568]11.080432 9.000816/9.9978099.002007111.996993/15 
468.919591]9-998495]8.921096[1 1.078904 [5-00206919.997797 9.004272111.995728|14 
478. 92110319.998485[8.922619[11.077381| [3.003318(9.997784(9-005534{[11.994466{13 
488. 92261019-998474[3.924136{11.075864| [9.004 563(9.99777 119.006792111.993208|12 
498. 92411219-998464(8.925649111.074351| [9.00580519.9977 58/9.008047/11.991953/11 
508. 925609 9.9984 5315.927156[11.072844| [9.00704419. 99774519. 00929311 1.990702)10 
$5118. 927100 9. 9.998442 8. 928658 11.071342| "9.008279. 9977326. .010546111.989454 
' 52/8.923587 9-99843118.930155|11.069845! [9.0095109.99771919.011790|11.9882 10 
5318. 930068 9. 99842 118.931647|11.068353, [9.010737/9.997706(19.013031|11.996969 
$.931544,9.9984101[8.933134{11.066866| [9.011962/9.99769319.014268[11.985732 
[35k 933015 /9-99839918.934616[11.065384| |9.513182/9.997680l9.015 5021 1.984498 
568. -934431|9.998388|8.936093]1 1.063907, |9. 014400 9.99766719.016732/11.983268 
571-93 59429-99837 718.937 56511 1.062435] 13.01 5613/9.99765419-017959i11.952041 
538. 1937398 9-998366[8.939032/11.060968, [9.016824 9.99764 1[9.019183|1 1.980817 
[9.99835 518.949494/11.059506| [9.018031/9.9976289.020403]11.979597; 
29619. 998344 $.941952111.058048 $9-019225 9. 9-99761419.021620ſ! 1.973380 
Sine | Co-rang. Tangenr Co-fine, | Sine | Crarane, | Tavern 
Degree 85. " Degree v4. 


+9966241/11.0033761|20 
8.997908[1 1.002092|19 
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3519-25936719-95 


A Table of Artificial Sines and Tangents | 


Degree 6. 

__dine_ | Co-ſme_ [Tangen 
g. 9.019235 9. 0:.997614h. 021620 
9. 02043519. 99760119.022334 
y.021632 .9- 997 58819.024044 
9. ona Ay. 997574: 025251 
9.024016{9.997 36119. Co” 
nt nad jo 997 54719-227655 
'A07 ned rs þ, bs 
9-02638619.997 534]9-028b52 
9-927 567,9.997 52019-930046 
$9.028744/9.997 507/9-93 1237 
9 9-02991 8:9.99749319-©32425 
10 9:03 1039'9.99748019.033605 
11 9. -032257,9.99746619-234791j10.955209 
12 9-03342119.9974 52/9-93 5965, 10.964031 
13,9- 034 582.9. 2997435] 037144 10.962856; 
14'9-23574 1 (19-997425| 038316, 10.961684 
159: 9.036896; 9.997411 9.039485/ lo. 10.960515| 


— 


10.975380 
10,977166, 
10.975956, 
10.974749 
19.973545; 
109:972345} 
10.971 1148 
19.965954. 
10.968763 
10.967575, 
0.966391] 


DI [ET DEDS] 


G. 


16,9- .038048/9.99 997397 9. 9.040651 Io, 959349, 
17,9-9391 97;-957393/9-241$13/10.933187| 
18(9-240 342.9. 997369/9- 042973; 1.957027 


Wn ” .041485j9- -997355/9-£44130 10.955870 
o 9.042625, 9. 99734109. 9.045284 10.954716 
Tis 043762) 19-997 32719 9.046434) 10.953566 
22/9-04439519. 99731319- -047582110.952418 
23/9. 046026, j9- 997299'9.04$727110.951273) 
4\9-247154; 19-957285 9. ©4gSEg/10.950131 
'9. 9-048279/ 9-997271 9: 051008j10. 94 $992 
9-045400{5.997256.9. 2052144110. 949856; 
5-05051919.997242/9-253279110.946723 
28j9-051635 9. 997228/9-054407110-945593 
25/9-05274919-997214'9-055535j19-944465 
30;9-95385919-997199 9:-256650/10-94334 1 
31[9-254566[9.997185/9-257781110.942219 
3219-05607 119.997 170,9-953900|10.941100 
3349-057172[9-9971 56/9- -060016/10.939984 
249: .058271[9.997141 9-061 130] 10.938870 
9.997127 9-062240/10.937765 
9+9971 7112.9.063348 10.936652 
37,9-261551{9.997098 9-264453119.935547 
38 9-2626C39;9-997083 9-065556(10:934444 
39 9063724(9.997068 596665 5/19.933345 
4.09.06 0648069. 9-997053 2 067752 10.9322483 
41(9-065385/9.997039 9-068846,10.931153 
4219+ 066962 9.997024 9. 069938! 10.930062 
43 5+068036 9.997009 9- .071027,10.928973 
44; 9.06910719.596994/9-072113|10.927887 
45' 9.070176/9.99697919-073197110. — 
46'9- 971242 9.996964, 9- .074273/1c 9.925722 
47 9:97230619.996949 9-97 53 56105924644; 
48 9: 0733669. 99934p: 076432)10. 923568! 
49 9-974424 9.995 91919: 077505; 10.922495) 
50 9:2754$0,9-9969904/9-2" 278576 10.921424 
51,9-076533.9. 9.996589'9.075644j10.920356, 
52 9-277583 9.9965 7419.0807 1010. 919290] 
53 9- 078631, 9. 09635319. 081773/10. 918227 1 
54 9- 0796765. :99684 319- 08283 3;10. 917167 7] 
555: 08071999.996525 op.ob o83591110.916129 


25 
26 
27 


36,9- .060460 


ent| ==| 


Degree 7. 


9.085894 


9.087947 
9.088970 


9.092024 
9.093037 
9.994047 
9.095056 


9.097065 
9.098066 
9.039065 
G.100062 
Sade 
9. 102048 
9103037, 


9.109901, 
9.110873 7-95 


9.111842 


9.1128099-996318/9.116491 
9. 1137749: 99630219.1174 
9. 114737'9- 996285! 9.11845 
9.11 9.115698'9- .996269. 9. I194 


19. .116656; 
9.117613 


9. _— 


9.119519, 


9. 1204699. 996185: 


3-996530 


Sine | Ce-fine [Tangent Co-t 


9.996751 


9.986922 9.99673 5! 


3.996720 
9.996704 


9:996657 
9.99664 1 
3.996625 
9.396610 


9.296578 
3.996562 
9.996546 


9.996514 


p 


19. .039144 
9.99018 
©9122 


+09 5367 
.096395 


9.092266 
9.039990 9.996688[9.093302 
9.091008 9.996673 094336] 


10;509813)39 
10.903772153 


T0.904633 $4 
10.903609135 


+29742 


og 


.Iloogy 


4 -Io150 


9.10251 


10:902573152 


44610.90r 554/51 
9.096062 9-99659419.09946 


0.900532 50 


10899513, 49 
10:3898498/48 
I 


0. 897481147 
9. $0355ajtes 646246 


9.104542]10.8954 58/45 


9.996498 
9.996482 


9.105550{l0 Coreeery 
43 


9.996368; 
9. 296351 


3. 996335 


9.106556110.3893444 


9.104025 '9 996465;9. 10755910.89244 i : 
9.105010 9:996449;9.108560/10, 89144 
9.105992 9:29643319-109559/10.39044 1140 


9.106973 9- 2996417 $.110556{10.889 
9.107951 9-996400{9.111551110.:88844 E 
9. 108927 9- 396384j9.112543/t0.8872.5 


9.11353 
9.114521 


139 


10.88646736 
10.885479 35 


9.115507 


2.9 


10.884493'34 
10.883509 33 
10.382528 32 
10.881348 31 
10.88037 1 30 


'9.99625219.1204.04) 
99623519. 121377 


996219 
9.996202 


9.12234 


9.123317 
9.124284 


10.879596 29 
10.89862 23 
10.877652/27 
10. $76683'26 
10.875716.25 


9.121419/9.996168 
262/9.996151 


9.122 
9.123306 
9.124248 
(9.125 1357 


«996134; 
996117 


9.99610019.129087 


9.125249 
9, phe. 
9.12717 

9.128130 


10, 87475 1/24 
1110.8737$9 23 
Io. 872828 22 
Io 871870 21 
r10.870917 20 


9.126125 
9.12906c 
9-127993 
9.128925 
9.129854 
9.130781 


9.132630 
9.133551 


3.996083i(9.130041 


3. 996066, 
2.996049' 
3.996032 
2.996015 


aL ark? 
3.995998 


9:13170619.995980 9.135726 
9.136667 
9.137605 


9.995963 
9.995946 


9.134470 


3.13721 
3.13812 
2-1 390J 


56 9- o817595.996312/9.084947/10.915035) 
57 9.9827 9719. 596797 9: 086000! 10.914000 
58'9.08383219.996782 9.087050 10.912950, 
EEIDN .996766.5 9.053098, 10. 911902, 
| 60 9.038539 9:996751 9.08 2$9144'10. 2202g6 

| Co-jte Sine [ Ce-rans. : Tangent | 


Degree v3. 


9.140850 


9.142655 


9.139944 
9.141754 


5408 555 
Co-fine 


3.995928 


9.133339 


9.130994 
9.131944 
9.132393 


10.869959' 19 
10,.869006 18 
10.868056 17 
10.867107'16 
10.86616115 


9.133542 


9.134784 


10.865216|14 
10.364274'13 
10.863333,12 
10:862395 11 
t1c.86145810 


9.1353$7/9-995911 9.139476 
9.136303(9.995$94 9.14040 


9.995876, 
$19.995859, 
7 


9.99584 1'9. 9.143196 


9. 995323, 
9.995806; 
9.99578 
9.995771 
9. 995753 
Sine | 


W 14596 


9.141340 
9.142269 


10.860524 
r10.859591 
10.85$660 


10.857731 
10.356804 


BY Oo cow 


9.144121 
19.14 5044: 


9.146885 
lo. 147803 


10.855979| 4 
10.854956, 3 
10.3854034' 2 
10.853115] 1 
10.852197' © 


Co-tan 


Degree $2. 


g. Tangenr M 


(db) 


10.90566 155 


— 


A Table of Artificial Sines and Tangents. 


$. Degree 9g. 

; Yine ie _| _Co-ſme |Tangemt, Co-e 
9. 1943329. 9.994620 9.19971 jrnaſre: boors 
9.195129/9- 994600 9.200529 19.79947 1159 
9.19592 5/9-994580,9.201345110.79865 5158. 
9. 19671919. 994560. 2021 59410.79784 1157 
9.19751119-994 540,9-202971110.797029156 
9.198302/9.994 519,9-20378 

DELLS 
9.199091 
9.19987919- 994479 9-205400 ” 79460053 
9.200666(9.9944 599. neorory 19.793793052 
9.20145119-99443 
9.202234/9-99441% 


9.2030179. 9943989. 208615 oſto-75 
9.20379719-994377,9-209420 
9.20457 719-9943 57/9-210220 
9.205334'9-99433619-211018 
9 20613119.99431619.21 1315 
9.206906{19.99429519.21 2611 
9.207679/9-994274(9-213405[10.786595/43 
9.2084 5219-9942 5419-214198110.78 5302/42 
9. .20922219.994233]9-214989[10.78501 1141 
;9-209992 9-99421219-215780[19.784220/40 
(9. .210760\. 994191 9.216568 19.7834 32139 
9.2115269.99417119-217356119.782644(38 
9.212291 9.9941 5019-218142110.781858$[37 


451454 10.848546 
.152363/10.847637 
'10.846731 
10.843826 
-9956 1019. 10.844923 
919.15 1569/9-995591 10.844022 
995 $73'9 9.156877110.843123 

10.84222 

10.84132 
y: 159565110.840435 
10.839543 
10.838653 
10.837764 
10.836877 
l 159435 5 995427 9. 164008/10.835992 
.16030119.9954099.164892|10.8351c8 
20,9.16116419-995390 9.165774[19.834226 
2119- ao þ9990m» 166654|(19.833346 
22 16288 5/9-995353 9-167532119.532465 
2319- 2g 995334 9-16840910.831591 


10.79058ol4% 
10.789780[47 
10.788982/46 
[0 10.788185/45 


lo. 167389144 


Y roms 995519 


24,9- -16460019:9953169. 169284/10.83071E} [9.213055 9-994129]9-218926[10.781074(36 
2319-1654 5419-99 5297, 9. 170157,19.829843; :9. 2138189. 9-9941 0819-2197 10110.780290/35 
_» -16630719-9952 278.9. 17102910. $28971| [9. 2145799- 99408719.220492[10.779503 34 | 
279 .167159,9-995260,9. 171899, 0.828101] j9,21 53339. 99406619-221272010.778728|33 
9.16800819. 99524119 172767 19. $27233| [9-216099/9.99404419-222052 19.777948 
299. 1688 5619-99522219.-173634 19.826366| [9. 2168549: 994024(9-222830[10.777170 
30.9. 16970219-99520319-174499 12-825501| 19-217609 9. 9:994903,7- 223607110.776393 
319. $17054719-995 8419.17 5362/19.824638| [9. IF 993982 9-224382[10.775681 
32,9-17138919-99516519- 176224\10. 823776| [9-219116 9939605. 225156110.774 $44 
33 9-172230[9-995146[9.177084}10. 822916| [9.219868 .9939399- 225929]t0.774071 
34'9- 193070[9.99512719-177942/10.822058| [9.22061819. 9939189. 226704[10.773300 
359173908 -99510819.178799 19.821201| [9.2213679- 9.938979. -227471110.772529 
3619-17474 4(9-995089(9.1796551j10.820345| 19.22211 "rrrery 9.993875, 9. 228239 10.771760 
3719-175578[9-995070[9.180508}10.819492 9-22286119. 9938549 22.9007 10.770993] 
9.19641 119-99505119.181360{109.818640 19.22360619. 9938329. 229773110.770227 
9.99503219-18221 x 0.817789 9.22434 919- 993811 +230539j10.769461 
.17807219.993013]9-183059,19-816940| |9-22509219-993789'9-231302110.768698 
[9994993 9.183907[10.316093] [9:225833[9-9937689-232065[10.76793 5 
9:226573/9-99374619,232326[10.767174 
9:-22731119-99372 59-233 586[10.7664 14 
9-228048/9.993703|9-234345119.-765655 
9.228784/9-99368119-235103110.764897 
9-2295189.99366019-235859/10.764141 
9.230252/9-99363819-236614{10.763386 
9.230984!9-99361619-237368|10.762632 


.99489619.188120|10.811880 
47 9.994$7719.18893$[10.81 IO42 
489- .18465119-99485719.189794[10.810206 


49.9-185466/9.994838 9.190629 

19-99481819.191462 
9,99479819-192294110.807706 
9.193124 


$09: 186280 


51/9.187092 
52,9-187903 


9:99477 


5319-13871219.9947 59}9-193953 


54.9-189519 


$5215 -19032519-994 720 
56/9-19113019. 994700 
57'9- 19193 3{9-994680 
58. 1927 34[9.994 660 
599-193 53419-994640 
60/9-19433219-994 620. 


9-99473 


9.194780 
9.195606 


10.808538 


10.806876 


10.805220 
10.804394 


9.196430 
9.197253 
9.198074 
9.198894 
9.199713 


10,803570 


10.806047 


10.802747 
10,801926 
10,801106, 


9.231715 


9-23534 


9 2367950. 


"| Co-ſme. | Sine 


Co-ranp. 


Tangent | 


py VEE 


Degree $1. 


| Co-ſine, 


9.993594 
9.232444(9-993 57219-235872 
9.23317219-993550j9-239622 
9.2338999-993 528/9-240371 
9.23462519.993 506 


9.23607 


9.23751 5|9. 
9-23823519. 
9.23895 319- 


10.800287 9. 239670 b 9.246319 


9.245579 


9.2381201[10.761880 


4110.7 56646 
1110.755903 


10.761128[10 
10.760378 
19.759629 
10.758882 
10.758135 
10.757390 


10.755161 


I0.754421 
10.753681 


Slo = $ vw a+ | oO A 0 | 


Co-tanp. 


]angenr 


= 


Degree $0. 


| 


— 
mg 


| 


— — 


| 0. © Slezwr-giE 


| 45 4 279297 
| $9j9-279948,9-991971 
| 60,9.280599.9-991947 


| 
' 
| 
[ 


A Table of Artificial Sines and Tangetts. 


Degree 10. 


_ dine 
2.239670 


9.241101 


9.24252 
9-243237 


9.24465 
9-245363 
9.24606 


| Co-ſine ne | Tangent| Co-tang. 


9.993351/9-24631 


9-24038619.993324/9-24705710.752943 
+993307,9-247794[10.752206 
9-24131419.99328419-2438530110.751470 


9.99326219-24926 
9-993249]9-2495 9% 


9.24 394719-99321719-259730 


9-993195]9-251461 
9.993172[9-252191 


19-254 374 


12 9. +2481 3119-99308119-255100 
13/9-24885319-993059(9- 255324 

14 $:24953319- 9930365. 256547 
i5 9. 3-259232,9- oe EGF 257269 


w: Ma 2.2 50980(9-9929 9909 257990, 10. 742010 
17 9-25167715-992 967) 
18 9-2523739- 992944/9- 259429, 10.740571 
9 9-253067j9-99292 1/9: .260146[10.739554 
rome .9y2399/9.2608£3 

3 


9.99237 519-261578 


219-2544 5 


23.9-25 583419-992829,9-26300 5 


2.9» e233 144} 


24 9.256523 


25 9.2572 1119-9927$3/9:26442 
26/9. -257893;5-992759,9-265135 
27,5-258583/9-992736/9-26 3847 
an '9, +2 5926819. -992713(9-266555 
9-992690|9-267261 
9-260633,9-992666,9-267967 
als 261314 314) 19.99264 3/9-263671 
219-261 994.9. +992619(9-265375 
= 9.262673 ,9-992596,9-270077 
| 34[9-263351,9-992 527,9-270779 
3519-26402 0279: 992 549 9-271479 
3619. 9.264703; 9-992525/9-272178 
37/9-265377,9-99250149-272876 
-26605119- +9924781(9- 273573; 
9.266723 9-992454(9- 2274269, 
9-992430j9 2274964; 


30! 


38 
39 
4019-267355 


Fl 


53 


mw e277991 


hd ep 39951 


| 4219.268734[9-992382|9-276351 


-99314519-252920 
1909-24677 519-99312719-253648 


11 9-247478(9-99310 


10. 753681| 


10.7592736 
I0.749270 
10.74553 
10.747309 
19.747080 
19.745626 
10,744900 
10.,744176 


9.992852/9-2622G2 


G. 2<3710' 10.741290 


19.7434 53 
10.742731 


10.739137 


10,733422 
10,737703 
10.736995 


9.992306(9-263717 


10.736283 
10.735572 


3 Sine | 
9.280 59 


9.28254 
'9. 2331 


w227OR 


9. nd gets 


3. 28769% 
9.288325 


9.29213; 
2.29276+ 
9 2293395 
9. 294029 
9.294658 


10,734362 
10.734153 


10.733445 
10.732739 
10,7320ZJ 


10.731329 
10.,730625 
IO, PTL 9923 

Io, 729221 
10.723521 


10.7273822 


-99240619-27 5658 


+9923 59j9-277243 
9.277734 
9.278424 


10,727124; 
19. 726427, 
10, palin 
10.7250 36| 
10.724342 
10.72.3649 
10.722957 
10.72.2266 
10.721576 


7206419.99226319- 
9.992235|9-280488 


4p 227272 


919-27 338819-992214 
509-2) 274045 [2 992190(9-281858 


9.279113 
279801 


9.281174 


10.720887 
10.720199 
I0;71951I2 
10.718826 
0.713142 


9.2747089. +992166 
5219- +27 5367,3-992142 

9.27602 oo. 9921128 
54/9-27668119-99209319 


551$-27733749-992069 


9.282542 
9.283225 
9.283907 

9.284588 
9.285268 


7,9.273645 


TI Co-fine F*Y 


9-992044 
9.992020 
9.93199f 


9.285947 
9.286624 


19.714732 


9.28730l 
9.287977 
9.288652 


Sine Co-tang. 


' Tangent 


10.717458 
10.716775 
10.716093 


10.715412 


10.714053 
10.713376 
10.712699 
10.712023 
10.711348 


Degree 79. 


9.30643 


9.31128 


| 


99134 
'9. 9.23833369.99182 
5. 9.284430 -99179 


19.285124/(9. 991774 
2.99174 


9.99172 
(9.287048/9-99 1699 


'3. 991674 
9.99164 
9.23896413-93 162 

.28960913.951 5993-25800 1 
9.299234]7-921 574 


Degree 1. 


ine | Co-ſi ne_| Tangent | Co Cot 
—_ 2388652 
9.28124 3}9.991922 


292632 
293350 
-294019 
-294634 
295349 
.296013 
296677 
-297339 


293662 


9.29087c(7.99154 
9.23150413.93152419.299980 


299J22 


1.92149 
9.391473 


9.390638 
+3291295 


3.931 44513. 9.391951 


9.33142219.392607 


+303261 


3. P91397P- 
9.295235 9:991 37219. 
9.235913 9.971346]. 
9. 2965399: 99132 119-3c 


9.297164 9-9912 295 
9.297739$ 9.991270: 
9.298412 9.9912 244 
9.299034 9.991218. 
9.2996559-991193 $Z08463 

9. 3902769. 921 EE 109 
9.300895/9.991141 
9.301514/9.991115 
9.302 1329. hn -Z11042 
9.30274 $9: 9.291064! 
9.3033649. 9.9910389. 312327 
9.393979'9. 99101219.312968 
9.304593/9.9909869.313608 
9.308520719.99096 
9.30581919.99093 


9.30704 119. 990882 . 
9.307650/9. 99085 519. 
9.308259'9.990829 
9. 308867. 9.990803 


9. 3994749. 990777 
9.3100$8c1{9.990750 
9.3106851[9.990724 
990697 
9.311393/32.990671 


393914) 


5 305809 
2.326519 
3.327168 
307816 


3099109 
9.3097 54 
9.310399 


9.311685 


9.321222 


"Cofine | 


9.31249519-99064 5 


9.31723419.990431 
9.3 FOLs eaten Ads $327475-19.672525 


yine 


9.314247 
HED 


9.317430 
9.318064 


19.71 71134 


.2$9326110.719674159 : 
9.281897 991897 .2$9999110.710001 33) 
991373[9.290671110.70932 57] 
-291342]10.70$65 6 
292013 


10.70798 


5 


19.79931 


10,704651 


10.702661 


= Ty maps 


I0, 685753 
Io. = 


10.6381936 


10. 706650 33; 
19.705983/52 | 
I0.705316'51 


10. 70399749 
19.703323 48 


19.701999l46 
[©o, 12133843 


54 | 


159 | | 


47 


20 


i5 


9.318697 
9.319330 
9.319961 
9.320592 


9.321851 
9.322479 
9.323106 
9.323733 
9.324358 


[10.67 .678149| g 
10.677521 
10.676394 
10.676267 
10.675642 


9.324983] 
9.325607 10.674393 
3. 326231 10.673769 
9.326853 10.673147 


10.675017 


10.681303f14 
10.680670{1 3 
10.630039/12 
19.67940Sf|1 1 
Io, 10.678778 To 


Co-rang. | Tangent |M 


Zlo AISLE E ON A _—_ 


Degree 78. 


| 


A Table of Artificial Sines and Tangents. 


—_ 12. | Degree 1 13. | 
Co-jme 1Tangenr | _Co-cang. |. Sine _ | _Cofine Tangent 1 | 1 Co-tany, | 
5.317879 9. 9.99040 4327475/10.672525 1” 9.3520899.99! 9887249 363364'10.63663 
.313473j9-99037819.328095110.671905 9. .35263519.98869519.363940110.636060|59 
219.31906619.99035119.328715/{10.671285, 9. 353181{9.988£66j9.364515'10.635485138 
4319658]9.99032419-329334,19.670666| 9: 353726 9.98863619.365090(10.63491057 
9.3202 5019.99029719-329953,10.670047, 19- 35427119. .9886071g. 
.32084019.990270[9-339570,10.669430, 9. 3543159.98857919. 9-366237|10. 633763Y5 
9. 3214 3c 9.99024 319-331 187/10.6 668813. 9 3553589. 958 548]9.3668 1c 366810! 10, 633190(54 54 
9.32201919.99021 519- 331803! 10, 668197, 9. +355901 9. 9585199. 267382, 10,632618$(53 
.32260719.990188[9.332418,10.667582 19. 356443 9. 9884859. 367953110.632047152 
919-32319419-990161[9-333033110.666967| |9. .356984'9. 93846019. -368524j10.631476|51 
| 1019.3237$0;9.9901 3419- 333646! 10.666354 19. 357524 9.99 9384309. 369094 10.630906(50 
1119.324366,9.999107]9. 334259 10.665741| [9.358064 9.988401/9.369663110.630337/49 
12/9. $324950(9- .99007 919. 33487 1/1. 665129 '9- -3538603 9. 93837119.3792321}10.629768/48 
13]9-325534,9-9999 529-33 5482, 10.664313, 9.359141, 9. 958342/9-370799 10.629201/47 


149-3261 17/9.990025[9-336093110.663907, |9.3596789.9883 129.37 1367(10.628633/46 
1519-326700,9.98999719-336702'10 663293 9 34 3602159.988282'9.371933 10. 628067 45 
1619-32728119. 989970 9. 33731] 1:10, .662639, 19: -360752 9. 9882529. 37249910. 627501144 
17,9-327862.9.939942[9-337919 10.662081| 9.361287 9. 9882239. 37306410, 2097043 
18]9- 328442(9. 93991 519- 33852710. -661473, (9-361822/9.988193/9.373629/10.626371 42 


199-329020(9.989889[9.339133;19.660867, [9.3623569.9881639.374193;10.625807/41 
2019-32 329599 9. 9.989860 9. 9-339739 10, 66021 9, 362889 9.9! 938133 9-3" 374756 10, 10.625244 40 


2119-330176'9.939832[9-340344/10. 659656 9-393422 9. 9881039. 375319,10. — 
2219-3307 53,9-98980419-340948;10. 659952 9. 363954.9-9880739. 37588110. 6241 19138 
23/9-331329.9-989777[9-341552/10- 653448 (9.364485 9. 988043 9.376442 10.023 "—_— 
249331903 9.989749]9-342155/10-657845| [9.3650169.988013'9. 377003, 10. Pd tt 
2519: 332478, 9-98972119- 342757. 10.657243, lo. 3655469.987983'9-377 7563" 10.6224 37135 
269-333051.9.98969319. 343358 10, SIEC$Y 9-3660759.987953'9-375122 1c.621878, 34 
2719-333624-9-98966519. 343958, 10.656042| [9.366604 9.987922/9.37£6$1-10.621319'33 
28/9.334195 9- 98963719. ,344558/10. 655442, [9. 3671329.937892'9. 379229110. 620761132 
299- $334767, 9.98961019.345157j10.654343: 9.367659 9.9878629.379797110.62c 24OJZX 
3019: 335337 9-91 98958219-345755-12-654245' * 3681859.987832 9.3802 5 2540.07 G155461/30 
3119-35996 9- 9.98955319- 346353;19.653647, [9.3687 119.987801'9.3 091 0[1.9.6 1 9090/29 
3219-33647 5,9-989525,9- 346949 10. 653051] 9. 3692369.9877719.33146$;1c.6185 34/28 
33,9-337043/9-989497 9-347545, 19-652455| [9.369761'9.987740'9-382020)10.617950/27 
34'9- 337610,9.9894699- emis 4 651859 9. .3702859.9877109.382575;10.61747 5i26 
35(9- 338176 9.98944119. 34$735110.651265/ [9.3708089.987679 9.383 1209110.5 $3 6871 25 
3619. 333742 9-98941319.349329,19-650671| [9.371330 9.9870499.383082|10.61631 $124 
3719- 339397\9- -98938519.349922 10.650078| 19.3718529.9876189.384234{10.61 5766/23 
3919- 33987119. 98935619-350514 10.64948 '9.3723739-93875889.384786110.615214/22 
3919-3404 34'9-98932819.351106 10.648894] 9.37289419.987557,9.385337110.614663/21 
409. 340999. 9893009. 9.351697 10.648303 '9. 37341419: 9875269. 9.385888;10.614112|20 
4119-341 558 9.98927 1,9.352287,10.647713| |9-373933/9-9874969-386438|10.613562[19 
42]9-342119 9.98924 3/9. 352876|10. 647124] [9-374452/9.9874659,386987[10.613013]18 
43]9-342679,9-989214,9.353465110-646535] 19-374970[9.9874349-387 536[10.612464|17 
| 449 243239: 989186 99.354053[19-645947| [9-37 548719. :987403/9- -388084110.611916j16 
45! -343797\9-9891 57,9-354640119.64 5360] [9.376003/9.987372'9-388631[10.611369115 
4619-34435519- 989128 9. 3355227|10.644773) [9.3765199.987341'9.389178/10.610822|14 
4719-34491219.989100,9.355813|10.644187| [9.377035/9.9873109.339724110.610276|13 
489-345469,9- 98907 119. -356398110.643602] 19.377549/9-987279,9-390270j10.609730|12 
49.9- 346024! 9. -989042 9. 4356982} 10.643018] [9.37806319. 9872489. 390815j10.609185[11 
599: 346579, 9.989014-9.357566 10. 10.642434| [9-37857719- 9.9872179.391360|10.608640(10 
519. 34713419. 988985 9. +35$149]10. 10.641851 9.3790899.9871869.391903|10.60809 
52/9-347687;9.988956 9.358731110.641269] [9.37960119.987155;9.392447110.607553] $ 
5319- 343240'9. 938927, 9.359313110.640687] [9.3801131\9. 9871249. 3929$9;10.607011] 7 þ 
54:9-34379219. 988898 9.359893|10.640107] [9.380624/19.987092'9.393531]10.606469] 6 
5.5:9:349343]9- 988869 9.360474|10.639528| [9.38113419.997061j9.394073!10.605927] 5 
569- 349893/9-988840 9. .361053|10.638947| [9.381643|9.987030/9.394614|10.605386| 4 
$7,9-35944319-98881119.361632/10.638368] 19.38215219.9869989.395154{10.604$46| Z 
5819.3 5099219-9887$2|9.362210|10.637790] [9.38266119. 986967 9.395694 10.604306| Z 
5919-351 54019-9887 5319-362787110.637213] 19.38316819.9369369.396233[10.603767] 1 
609.3 5208819.98872419.363364[19.636636] 9. 38367519. 9.986904 9.35 396771110.603229] © 
—TCe-jme. | Sine | Co-rangp. Tangent | | Co-fine, ſ Sine |[Ce-ranp. | Tangent IM 
Degree 77. | Degree 76. ES 
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Degree 14. | 
Sine | Co-ſine | Tangent| Co-tang. 


Degree 15. 


Sine | 


oO OA olnpwyn »ols 


9.38367 519-9369041(9.396771110.603229] '9.4125969.984944 9.428052 
9-334 182[9.996873[9.397309110.602691] '9.413467'9 
| 37144259 
9.38463719-93654119.397846110.6021 54] '9.413935/9.95843761|9.429062)10. 
9g 55192 g9.986809(19.3938333]10.661617 9.414408, -934$42'9.429566 
9.33569719.93677819.395y19]10.601081] [9.414799 
9.33620119.98674 619.3994 551[10.600545] [9.415347 


.33491019.423558\10. 


5 


Co-ſine 


10.571948 60 


37993$,53 


10.570434, 57 
984808/9.43007c 10.569930\56 | 


954774/9-439573/19.569427 55 


1519-39120619.986427 


9-38670419.9367 1419-39999 10.600010| '9.415515/9.984740!9.431075 
9-33720719.998668319-490524110.599476| 9.416233/9.934706'9.431 577 
9.337709,9.98665119-40105$10.598942] 9.41 685119.934672, 
9.3382 10ſ[9.98661 519-401 591110.598409 9.4172179.994638 
1019-3387 1119.98658719-492124110.397876| 9.417684/9-934603 
1119-33921 119.9865 5515-402656110.:597344] [9.413150 9-984 569'9.433580 
1219-33971119.98652319-403187110.396813] [9.41861 519.984 535!9.434030 
1319-390210!9.98649119.493718[10,596282 9.419079/9.984 500 3.43457 
14|9-390703 9.9864 399-494249 10:595751] [9.419544/9-95446619.43 507 
! 


HH» Þ Þ 
wy 22 = 


9.395658 


Pad 
1 
+ 


'" 
_ 


5-394179,9-98623419-497945110.592055 
9.39467 319-98620219-408471110.591525 
9.395166;9.986169'9.408996[10.591004 
9.936137 9-4099521110.599475 
23/9-3961 5019986104 9:41 004 5110-55995 5 
2619-39664 1[5.9386072 9.410565/10.589431 
2719-397132{9.986039 9-41 1092 10.558908 
2819.39762119.986007 9.411615|10.538385 
2519-39811119-985574'9-41213710.587863 
30 9.39860019.985942 9.412658 10.587342 
3119.399083[9.98 5909 9-413179,10.586821 
3219-39957 549-98 5376,9-413699 10.556301 
3319-40006219.985843/9-414219{10.,585781 
3419-40054919-985811 9.414738[16.585262 


9.421857 


9404778 10.595222} [9.420007 9.93443219-43557 
1619-391703j9.986395,9-49530$[10,594692 9.4204709.55439719.436073 10,563927! 

17 9-39219919.986363,9-405936 10.594164| [9.420933 43 
1819-39269 519-938633119-406364110.593636| 19:421395 
1919-393191[9.936299(9.406892110.593108 
2019.39368 519.986266[9-4097419|10.5925831] [9.422318 


9.93436319.436570110,563430 43 
9.98432$19.437067 10.562933/42 
9.98429419.437 563 10.562437/41 
9.934259 9.43805910.5619411|40 


10.365525,54 
(0.565423 53 
9.432079 10.567921,52 
3.432580 10.567420,51 
9.433030 10.5366920, 50 
10.566420 49 
10.565920 43 
9110.565421147 
$10.564522,45 


10.564424 45 


9.42277$19-98422419.438554110.561446 39 
9.423233 9.984190(9.439048 10.560952/38 
9.423697 
9.424156 
9.424615 


| 3619-401 52.0(9. 
371(9-402005; 


39]9-492972| 


3519-40103519.985778 9-415257110.584743 
985745 9-415775]10.584225 
9.985712 9-416293|10.583707 
38 9.40248919.985679 9.416810j10.583190 

g9.985646 9-4173261[10.582674 
4019-4034 5519-9856 | 
| 41]9-4039389.985580/9-418358[10.581642 
42 9:404420,9.985547 
4319-494901 9.985514/9-41 9387110.580613 
4419.40538219.58 5480 (9-419901 10.58009y 
4519-40 586219-985447/9:422415110-579585 


13 9-417842 10.582158 


9418873 10.581127 


407299, 


46(19-40634119.985414,9-420927|10.579073 
47 9-40682019.98 5381 9.421440 10.573560 
4819 9.985347 9-421952110.57804$ 
49/9-407777(9-985314/9-422463 10:577 537, 
50/9-4032 549.98 525019-422974]19.577926| 
5119-49873 119.985247|9-4234$4]10.576516 
52,9-499207,9.995213 9.423993110.576007 
53,9-499682/9.985 18019.424503110.57 5497] 
| 54,9-4191 5719-98514619-425011110.574959 


9.425537 


9.984155 


9.9841 2019.440036 10.5599641\36 
9.984085 


9.425073]9-984050 9.441022 10.558978 34 
9.425539/9-98401519.44151410.55$4$6.33 | 


9.42644 3|9-9$3946(9.442497110.5357503/31 | 


9.439543 10.3604 57/37 þ 


9.44052910.559471:35 


-9$39$119.442006 10.557994 32 


9.426399 9.98391119.442988|10.357012\30 
9.427354,9-983875/9.443479110.556521/29 
9.427809 9.983340(9.44 396 10.556032/28 
9.428263/9.983305/9.444458]10.355542/27 
9-42371719.953770 9.444947[10.555053,26 
9.429170/9.983735 9.445435119.554565 25 


j— 


9.431429 
9.431379 
9.432325 
9.43277< 
9.433206 
9.433675 
9.434122 
9.434 569 
9.435016 


9.42962319.983700 9.445923110.554077,24 
9.430075 /9.983664'9.446411ſto.553589,23 
9:430527.9.9383626 9.446898$|10.553102 22 
9.439975 9.983594 9.447354{10.552616 21 


2.98355 9.447$70110.552130 20 
2.983523 9.44$356110.551644 19 
2.983487 9.44884 1110.551159 1$ 
2.983452 9.449326110.550674 17 
2.9834169.449S10[10.559190'16 
3.983351 9.440294110.549706,15 
9.983345 9.450777110.549223|14 
9.983309.9.451260[10.54$740 13 
9.983273 9-451743110.54$257 12 


dhe ta 


— 


—_—. 


9.435908 


| 


| 


$5.5-41063219.98511319-425519]10-574481 
569.41110619.98507919.426027[10.573973 
57,9-411579(9-585045/9-426534|10. 573466 
\ 5819.41205219.98501 19-427041 10.572959 


59 9.41252419.934975 9-427547[10.572453 


60.9.41299 9.984944 9-428052 10.571948! 
—\ C--line | Sine | Co-tang, Tangent 


I | Degree 75. 


9.435462; 


9.436353 
9.436798 
9.43724219.9833094 7 
9.43763619.98305816.45462$[10.545372] 6 
9.43$12919.983022/9.455107110.544$93 

9.43857219.98298619.455556110.544414]| 4 
9.43901419.982950(9.45606410.543936; 3 
9.4394 56Þ.982914/9.456542110.543458| 2 
9.43989719.982873/9.457019,10.542931] x 
9.44033919.982842(9.457496(10.542504 o | 


| 


9.983238'9.452225110.547775 11 
9.98320219.45270610.547294'10 
9.983166/9.453 187110.546$13 
EEE INRA T9000 10.546332 
9.454145110.545952; 


91 
89. 


5 


Sine | Ce-rang.* Tanger M 


| _ Co-jine 


| Degree 74. 


( 


£3 


A Table of Artificial Sines arid Tangenits. 
: _ 


Dine _ 
9.465935 
9.466349 
9.466761 
9.46717 

9.467585 
9.467996 
9.468407 
9.468817 
9.469227 
9.469637 
9.460446 
9-479455 
9.470863 
9.471071 
9.471679 
9.472086 
9.472492 
9.472898 
9473304 
9-473710 
9.474115 
9.474519 
2.474923 
9.475327 
94475730 


Degree 17. 
Tangent | Co-rang. Bu 


9.48533919.514664l60 | 
9.485791|10.514209!59 
9-486242110.513759)58 
9-486693|t0.51334g|57 
9.437143 t0.512857156 | 
9:487593[19:51240755 
9.488043|10.511957;54 f 
9.488492}10:51150$j53 
9.438941]10.511059 52 
9.489390[1 0. *3Toorolgy 
9.489$38|1o. t0.5T0162) 50 
om. tf Aud bo 

9.490286110.5097 14 49 
9.490733|10.509267 48 
9.491180[10.508820! 47 
9.98005219.491627]|1 0, 508373 46 : 
9.98001219-492073110. 597927, 45 
9.979973”: 10, 597481] 44 
9.979934]? 
9.979894]? 
99798 551P- 
9.979816 9.494295 
9.9797761p- 
9.979737 
97969719: 
-97965819-496073 
9.496515 


9.980596 
.980558 
-98o519 
980482 

9.980442 

9.980403 

9.980364 

9.980325 

9.980286 

9.980247 

9.980208 

9.980169 

9.980130 

9.980091 


9.442096[9.982690] 
9-442 53 519.982 660ſp. 
9.44297 319-982624]9- 
9.4434 1099-932 58719- 
9-44 3847[9-982550 
9-44428419-982514 10.5338230 
9.444 72019-9324 7719-46224 10.537758 
9-4451 5519-98244 119-46271 $j19.537285 
9.44 5590(9-982403/9.463186110.536814 
9. 44602 519- 98235719-463659]10-536342 
5.4464 59;9-982330[9-464128110.53 5972 
9. 9:445893]9 9382294(9-464599119-535401 
9:44732619.98225719:465059[16.534931 
9:447759,9-982220(9-46553910-534461 
9.443 191j9-9$2183[9-46600$[10.533992 
Ye 448623) 9.982146[9-466477110.533523 
9-449054 9:98210919-46694 511 9:533255 
G. 44948519: .98207219-4$7413]19.532597 
9.44991 5,9-98203 519-467880ſ10.532120 
5-450345,9-981998/9.468347|10.531653 
9.450775,9-981961 9.468814[10.531186 
9. 9-451 1204/9. 981924 9- 469280 I0.5307J20 


T6:539651 
10.539177 
10.538703 


l5 © GOA HER 


— 
_— 


I2 
13 
I4 
T5 
16 
17 
18 
I9 
20 


— 


2I 
22 
23 
24 
25 


"O 
+ 
0 
wo 
+ 

Q 

— 

oO 
wh 

O 
Oo 
wA 

"Oo 
(*) 
> 
tI 


IO, 50614641 


3 
7 
— 
. 


ey 
10.5041438 
10.504370,37 
10.593927/36 } 


26 
27 
28 
29 
30 
31 
32 
33 


37 
38; 
39 
40 
41 
| a2 
43 
44 
45 


47 
48 


$1 
$2 


33 


FT, 


49 
50 


54 
55 
156 
57 
58 


5919.46552219-980635 
60| 


9, 451632, G. 981886 
9-452060,9.981845 
9-45243819.981812 


9:4 53342 9:981737 981737 
9-453768/9-98 981700 
9-454194,9-9 81662 


9.45291519-981774 


9.470211 


9-47I141 
9.471605 


9.469746 


9-470676 


10.530253 
10.529789] 
10.529324 

10.528859 
10.528395 


9.47206 


10.527931 


9.472532119-527468 


9-4 54619 9-9381625 


3419455044 9-981587 


9. 456739, 9.981436 
9.457162,9.981399 


19-4.5758 981361 


Fo 


9-472995]10.527005 


9.475303 
9.475763 


9-470223 


9.458006j9.981323 
9-45342719-981285 


9.476683 
9.477142 


9-45884319.981247 
9.459268[9.981209 
9.459688j9.981171 


9.477601 
9.478059 
9.478517 


9.460108,9.981133 
9-46052719.981095 
9.46094619.981057 
9.461364|9-981019 
9.46178219.980981 


© 


9.478975 
479432 
9.479886 
9.480345 
9.4808o1 


3619-455893'9-98151219-47438110.525619 
10.525158 
10.524697 
10.5242.37 
I0.523777| 
10.323317 
10.522858 
10.522399 
I0.521941 
0.521433 
10.521025 
10.520568 
10.520111 
10.519655 
I0.519199 


473457119-526543 
35 19455469 9.981 54919: -473919|10.526084]; 


9.456316 9.98 ee 47484 


q 


9.46219919.98<942 
9.46261619.980904 
9.46303219.980866 
9-46344$19.980827 
9-463864,9-980789 
9.46427919.980750 
9.46465419.980712 
9.465108[9.980693 


9.46593 519:980596 


9.481257 


9.432621 
9.483075 
9.483529 


9.484435 


9.481712 
9.482167 


9.483932 


9.484887 
9.485339 


10.518743 
r10.5138288 
10.517833 
10.317379 
10.516925 
10.516471 
10.516018 
10.515565 
I0.515I13 
I10.514661 


Sine 


Co-tanp. 


Tangenr 


| OY Co-ſine 


« 
PEEING, 


_- 


Degree 73. 


9.476133 


4 


91479536 
9.476938 
9.477340 
9.477741 
9-473542 
9-473942 
9-479342 
9-479741 
9.480140 


9.489539 
9-480937 
9-481334 
9.481731 
9.432128 


9.482525 
9.48292 1 
9.483316 
9.433712 
9.484107 


9.484501 
9.484895 
9.485289 
9.435682 
9.486075 


9.979618 


10, 592485135 


9.979 57919-496957 
P-97953919-497399 
9.97949919-497841 
9.9794 5919-498282 


9.979420 9.498722 


10.593043/34 
10,592601;33 
10.59215932 
10.50171831 
0.591278 30 


9.9793801[9.499167' 
9.979340[9.499603 
9.9793001!9.500042 
9.97926019.500481 
9.979220 9.500920 
9.9791 80, 
9. 979140, 9.501757, 
9.979100!9.502235 
9.979059 9.502672 
3.979019,9-503109 


10.520337 29 
10.500397 23 
19.479958 27 


£0.4990903 
9.501359 


10.499519 26 


[0.4/5 41.24 
I0.459203 23 
10.497765 22 
10.497325 21 
Io, 496891,20 


>. 978939, 9.593982 
Pp 978898; 9.50441 
2.978858 9.50485 
9. 9.978817, 9.595289 


9. 978979'9. 503546 
; 


10.496454 19 
10.496018 18 
10 495532'17 
10.495146!16 
10-424711|15 


9.978777 9.505724 
9.978737 ,9.596159 
9.978696(9.506593 
9.978655:9.507027 
9.97861 519.56 507460 


10.494276|14 
10.493841 13 
10, 493407, I2 
10.492973 11 
10.492540 10 


9.486467 
9.486860 
9.487251 
9.487643 
9.488034 


9. 978574/9. 507892 
9. 978533. .508326 
9.9784 93(9.308759 
9.97845219.509191 
9.97841119.509622 


10.492107| 9 

19.491674: 8 
10.491241] 7 
10.490809, 6 
10.490378] 5 


4838424 
9.488814 
9.489204 
9-499593 


9.99837019.510054 
9.973329;9.510485 
9.978288(\9.510916 
9.978247(9.511346 


9.489982 
Co-ſine 


9.978206 9.511776 


10.489946| 4 
t0.489515' 3 

10.4 89084' 2 | 
Io. 488654! 1 | 
10.433224' © 


Sine 


Dex gree 72. 


| Co-tang * Tangent M 


G_ 


_— 


þ 


A Table of Artificial Sines and Tangents; 


Degree 1$. 


Degree 19. 


M| vine _ 


$5119-977734[9-51 


2119.977711 
| 1319-49590 
1419-495355 
I 5]9-495772 
1619-4961 54 
1719-496 537 
1819-49691919-977461 
1919-497301 
2019.497632 
2119:493064, 
2219-49844 4 
2319-49332 5 
2419-499204 
2 519-499 534 


9.978033 
9.978042, 


9.978001 


9.977959 
9.977915 
9.977877 
9.977335 


9. 513064, 
9.513493, 
[2-51 513921} 


Co-fine, | Langenr| Co-tang. 

019.489932 +973206 9.51 1776 /10.483224 
.49937119-978165/9.512206[10.487794 
9.97312459. .512635 


10.487365 
10.436935 
110.436507 
'to .436079 


| - Sine 


Co-fine 


9.512642 
9-5139099-97 562 
9-313375(3- 
9.51374119. 
9.514107!9. 
9-314472/9. 


9.97567 


Tangent] Co-tang. 


336972! 
337382 


9. 5314349, 
9.514777 
9.515204 
9.51 5631} 
9.516057, 


2-977752 


9.977669 
9.977625 
99775361951 
9.977 544 
9.977503 


9-977419 
9977377 
93-977335 
3. «Sh: 
9.9772 


9.977167 


9. 516454 
9. 516910, 
9.517335; 
9.517761 


9. :518610 
3. 519934 
9. 519458 
9.519882, 
9.520305 


10.435651 
10.43522 

10.454795 
[0.434369 
19.453943 
Io 433516 
10.433095 
10.4 32665; 
hs. owed 


9.518136 ro 481314 


10.481390! 
10.430966 
190.430542 
10.480113; 
10.475695, 


( 


9.520725 
9.521151 
119-321573 


( 


Ta 


9. 


31[9-591854 
-59223119.97687219-525359/10-47464 1) 
3319-592607[9.976830 
3419-52298419.976787 
3519-59336019-97674 512-5: 


9.524100 


10.479272, 
10.473849/ 
,10.478427| | 


9. 97720919. 521995;10.478005| 
9.322417.,10.477 583) 
9-499963[9-97712519-522$38 10.477 162, 
-500342[9.9770839-523259/10.47674 1 
9.50072119.97704 119. -523680 10.476320, 
-50109919-976999 
9.59147619.976957 


10.475900 


24520,10. 89! 
719-324 520, WIEN 


.97691419- JE4940}5 ©. 4759260, 


3519-59373 519-976702 
3719-3594110 
3$19-524435 
3919-594$60 


9.976660 
9.976617 
9.976574 
9.976532 


40 9.59523 
419.595608 
429-595981 
43 9-596354 
44 9.596727 
45 9-597099 


9.976489 
9.976446 
9.976404 
9.976361 
9.976318 


:525778} 
9.526197, 
3.526615] 


jIOA TALLY. 
19. 473803, 
Io 473385; 


3.327033 
3.527451 
9.52736 

9.528285 
9.528702 
9.52911 

9-529535 
9.529951 
9-539366 
9.530781 


10.471298 


10.472967 
10.472549 
10.472132 
10.471715 


10.470881 
10.470465 
[0.470049 
[0.469634 
10.469219 


469-507471 
47 9-397343 
4$9-593214 
499.508585 
$9 9-598956 
51 9.599326 
52 9.509696 
53 9.510065 
54 9-5194 3449-97 5930 
55 9-510803 


9.976275 
9.976232 
9.976185 
9.976146 
9.976103 
9.976060 
9.976017 
9.975973 


9.975387 


9.531196 
9.531611 
9.3Z2O25 
9.532439 
9.532853] 


10.463804 
10.468389 
19.467975 
10.467561 


[0.467147 


9.53326 
9.53367 
9.534092 


9-334504 
9.534916 


10.466734 
10.466321 


[0.465908 


10.465496 
10.4650$8g 


9:51483719. 
9.515202/9.975365 
9.51 3566/9. 975321 
9. 5159399: 97 5277/9-540653 
9.516294 2.97 52339-54061 
9-51665715. 9751899.54 541468 
9. 9751459: 542280 

$ 


9.317020 
9.517352 


9.518107 


9-975101/9.54228 
9.51774 519. 9759579. 54268 
9.9750139. 9.543994 


339429 
5395837 
540245 


9.513465 

9.518829 
9-31919c 
9519551 
9-519911 
9.520271 
9.520631 
9. Cots 
9. 321349 
'9. 2321707 
9.522066 
9-322424 


29749699. 543499 
9.974925.9-543905 
9.9743809.544310 
9-9748369.544715 
2:274792 9-345119/ 
9-974748 9.545524 
9-974703 9.545928 
9-9746599.-546331 
9-974614 9.546735 
9-9745799-547138, 
3-974 525 9-547 540 
9.974431 9,547943 
9-9744369-548345110-441655 


9- -J22781 


9- 52598 


p 


9.52740 oeaas 29-553348 TIT oye 
9.52775319.973808; 


56 9. $$TLETAG: 975344 


57,9-511540] 


58's. 511907 
3s. 
9. 51264219.97 975670 


+$12275 


9.975800 
p. 975757 
9.975713 


Co-ſme 


9.535328 
9.535739 
9.536150 
9.536561 
9.53697 


© Sine 


Corangp. 


10.464672 
10.464261 
10.463$50 
10.463439 
10.463028 


Degree 71. 


zag | | 


WY ON {Ss 


(9-533370 


9.532661/9. 9731699559491 
9.533009/9.97312419.559885 
9.533357/19-973078 9.559279 
9.973032 


{10.46261 
:537792 


[0.46302 


19.46220 


— 
19.460571154 


19.453532149 
10.458125148 
10.457719147 
10.457312146 
[2.4 56906145 | 


19.456501 "Y 
19.45609 5143 
19.4 5569942 
10.4552S5}41 
19.4543S1]40 
109.454476139 
10.454072138 
10.4 533669137 
10.453265136 
o$520EmRs 


9.52313919. 974391 9. 548747 10.451253 


10.452460/34 
19.452057|33 


19525275 29741229-551153 10.44$347/25 


9.553946 


9.529864|9- oP 556329]10.443671 
9.33021519.973489 9.55672 5119.443275 
9-339 56519. 9.973444 9-557121 19.442379 


9.539915/9. 973398 9. 557517110.442483 
9.53126519. +9733529- 557913]10.4420$7 
9.331614 /9.9733079.55830$[10.441692 
9-531963/9-973261/9.558703 
9.53231219-973215,9.559097 


———} 


g. 55067 
9. ELSAESL 972986,9.5 551066 
| Corine. "| Cotang. 


. Co-fme. ) 


-- Mine .. 


24 
9740329. 55195211 0.443048]23 
(9.52633 9-973987'9 $52351110.447649}22 


10.4460 54. 


10.441297 
10.440903 
10.440509 
10.44011 5 
10.4 39721 
10.43932 7 
10-4359324 

| Tangent, 


ag. =_ LESS Ow wy. 


Degree 70. 


? 


A Table of Artificial Sines and Tangents. 


e 20. 


Yine 


| Co-ſme, 


Tangenr| _ Co-tang, 


+534399}9-972.940 
219-53474 5/9- 972894 
319-53 5992,9.972848 
419- :535439 9. 972802 
519:535793 9-972755 
9. 536129, 
719-536474 9972663 
$19. +5363139- 972617 
919-537163,9-972570 


ol9. 7 972986, 


9972709 


| vine = 


9. 561066, 10.435934 
9.5614 59 10.438541 
9.561851[10.438149 
9.562244/110.437756 
9.562636[10.437364 
9.563028/10.436972, 
9.563419/10.436581 
9.563811110.436189 
9. 364202110, 435798, 
9-564 593,190.43 5407, 


| 


9. 5543299.97 970152 


5. 554658; 


'9- 554987 


9.555315 


'9- 555643 


9 353971 


9.5562999. 9.969860 
'9. 556626 9. 969811 
9. 556953 9- 969762 
9.557230 9.969714 


Degree 21. 


ine 


—_ 


TR _—_ 


19-970103 
9.970055 
9.970006 
9.969957 
9. 9:969909 


9.584177 
9.584555 


9. 584932 


9.585309! 
9.535686 
9. 586062 
9.586439 
9.586815 
9.587190 


Tan gent | Co-tang, | 


10.415823 
10.415445 
I0.415068|58 
10.414Cg1 
10.414314 
19-413938155 
10.413561 
0.413185 
109.412810 
10.412434 


60 


39 


# 


54 
3 
52 
5! 


| 


| 


9. +587 566] 
9.564983j10 10.435017 

9.565373|10.434627 
9.565763{10.434237 
9.566153j10. 433847; 
9.566542/10.433458} 
9.566932!10, 433068 
9. 956732010, 432680 


1019. 9.337 507.9: 9.972524 
1119- 9-537851'9. 972478 
129.538 194, 9-972431 
1319-438 537 9- 972385 
14/9-5333880,9.972338 
I 15 9. 2 od 9. 972291 
1619. -539565,9- 972245 
1719-539997,9-972198 
1819-540249 9.972151 


9:5576069. 9606659. 9.5387941/10.412059(59 
19.5579329-969616(9. 598316110.41 1584/45 
9, 5582589. 9695679. 588691;10.41 1399443 
9-558583'9- 9695189. -589006119.410934/47 
19. 558909 9-9694699. 44,4948 wh 410560! 46 
(9-559234 9-90 9694209: 2: $39814, Io, 10.410186/45 

19.5595589- 9693709: 2901896 -409812/44 
9.567709.10. 432291] | 9.559883 9.96932 119. +5$90562/10. 40943843 
9.568098 10.431902, | 


9.560207 9-969272 9.39093 5{10 .409065/42 
1919-540590/9.972105[9 9-568486|10. 4AJ1 514 9.560531 9. 9692239. 59130310 .403692, 41 
019. $4993119- 97205819.568873!/10.431 127, 9: 5608559: 969173/9-591681j10. 10.408319/40 
2119- 5412-7219: -972011[9.569261110.430739, 9.561 1789. 9691249.592054{10. 10.407946/39 
2219-341613/9.971964[9-569648/10.430352| [9.561 501, 9.969075 9.392426'10, 407574/38 
2319-54 195319-97191719-570035,19-429965 9- 561824 9.9690259.592799|10.407201/37 
2419-542293 9-97187019-570422119.429578 /9.5621469-965976 9.359317 1110.496829/36 
2 519:5342632,9-97 182319: fda me 10.4291911 9.562468 9.90 968926/9-593542/19-4964 58/35 
2619-34297 119.971776]9-571195(10.428805! 19.5627909- 9688779. 5393914|10. 406086/34 
2719-34331019-97172919-571581110.428419, 9.5631129- 968827 9,594285/10 240 371533 
2819-543649 9-97 168219.571967110.428033: (9563433 9-968777/9-59465 56,1 -40 5344/32 
29. 543987/9-97163519-5723 52,10. .427648' 9.563755 9-968728 9.595027[10.404973 31 
30(9-544325,9-97158819- ICE be bee 427262\ lg. 9.564075 9-968678 9.59539$[10.40 4602/30 
9.544663(9-971 54019- +573123j10. 426877| 4 .5643969-9686289.595768/10. -404232/29 
3219-54 5000[9.97 1493[9-573507,19.426493! ' 5647169-9685789.596138 
33/9-54533819-97144619- +573892;10. 426108 (9.5650369- 9685289. 596508 
3419-54 5674(9-97139819-574276/19.425724' 19-5653569-968479 9.596878 
35/9-54601119.97135119- 9.574660[10. 425340, (\9:53656769-96384299-597247 
3619-54634719-971303[9- 9.375044/10.424956 [9.565995 9 9683796.55 597616 
3719-546683[9.971256(9.575427|10.424573. [9-566314 9-968329.9.597985 
3819-54701919-97 1208/9.575810/10.424190 [9.566632 9-968273/9.5983 54 
3919-5473 54]9-97116119.576193/10.423807 [9.56695119-968228 9.593722 
40[9-54768919-97111319-576576(19-423424 [9:567269|9- 9681789. 9.599091 
4 119.54802419- +971066/9- .576959,19.423041| [9.567 58719. -9681289-599455 5994 59; 
4219-5483 5919- -971018'9. +577341119.422659] [9.567904(9. 9680789. 599827 
43/9-34869319-970970 19. $371723|19.422277, [9.56822219. 9680279. .600194 
4419-54902719-970922 9-378104110.421896| 19.568539|9-967977/9-600562 
4519-54936019- 970874, 9.3784 86110.421514| [9-56885619-967927,9-600929 
46 9.54969319- 970827, 9. 578867 10.421133| [9.56917219. -9678763- .601296 
47|9-5500269- 979779 9. 579248[19.420752| 19. 369488 996782619. 601663 
489.550359 9-9707319-579629 19.420371| 19. 5698049. .967775,9-602029 
49 550692,9. -970683;9.580009 10.419991] [9.570120,9.967725,9-602395 
0,9.551024'9. 9706359. 9.58038910.419611| [9.570435(9-967674,9-602761 
5119-551356/9-970586 9.580769 10.419231| [9-570751[9-967624(9.603127 
52/9-551687;9-970538 9.581149 10.418851] 19.537106619.967 57319.603493 
5319. 552018, 9. 970490 9. 581528. 10.418472 9.571380j9.967 52219. 603858 
545. 552349,9- +970442/9- .581907|[10.418093] [9.571695{9,967471[9.604223 
559. $52680 9. 970394, 9.582286 10.417714 9-572009.9.967421 9.604588 
569-553010,9-979345/9.582665/10.417335 
5719-553342 9-979297/9.583043/10.416956 
58(9. 5536709: 97024919. «583422 10.416578 
5919-554000,9.970200 9. 583800, 10.416200| 
6019.55 329 9.9701 52/9. 584177 10.415823 
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10.403122 
29.40275.3 
19.402384j24 
I0.,402015 
10.401646 
10.401278]21 
10.400909{/20 
10.400541[19 
7/10.400173 18 
10.399806[17 
19.399438[16 
29,399071]15 
19.398704[14 
10.398337[13 
10.397971[12 
10.397605|t1 
10.397239 
10.396873 
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10.395777 
10.395412 
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10.394318 
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| olg. 9.573575/9-967 1649.65 >6410110.393590 
' 119. 573388] 9.96711 519.65 6773) 10.393227 
219. 574200,9. .967064(9.607136110.392963 
' 319- +374 512,9-967013) £07505 10.392500 
; 419- 574924 9.96695 119.607363[10.392137 
; 9575135; 9. 266910/9.608225 10.791775 
 619.375447 9.966859 9. 9.608588) 10, 2291412 
| 7.,9-57575$,9.956808'9.605950 10.391050 
$9-576069,9.9667 569. 609312, 1 0.390638 
9.9-576379 9:96670519.609574! 10.390326 
10 9. 576689 9.9666539-61003 610. 19.339954 
11.9. 576999 9.966605. 610397; 10, 359603 
12.9: 577309 9.966550. 6107 59,19.339241 
13; 9. 5377618 9.9664 99,9 611120j1c .3385S0o 
{14 9. Attn 93h A £11480[10.383520 
{ 1519-573236 0:95639 519.511 $11541110.355159 
16 3: 573545" 99563449. PET prog 337799 
17,9-5733539.966292/9.612 551110.337439 
18:9. 579162, :9-966240,9- 612921110.337079 
I9 9. $579469 9.966188 9. 61323110, 386719 


25 9:579777'9-9561369-613641110.336359 
2115- 58008 $4.9: 9660% Dfuqcod Io wen 
9.595392 9.956033'9.614359110. 355641 
3/9-580599/3-9 95593119.51471910, 335252 
9-53100 579. 5559 ab 61507710, 384923 
9.381312 19-255575 9-61 5435110.354565 
9.59161819.9553249.61579710.35 334207 
9.5$1924'9.9857729-6161511109.333$49 
9.552229,9.9557209.6165c5g,10.383491 
9. 5925259. 9556E%'5. een 10.383133 
9-582840,9.9656159. 9.6172 10.352776 
31 TI TT ne 352418 
249-583449j9-965511,9.617939 19-392061 
3319-5337 5419-96545 '9.61$295[10.381705 
34/9-53405$[9-9654069.618652j10.381343 
3519-38436119-765353 9:61900$[10.380992 
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| Sine | Co-fine 
9.391878 9.364026 
9.3921769.963972 
9.5924739.363919 
$.592770'9.963865 
3. 3939679- 363311 
9. 393363,9-963757 


Me 5936593. 56370419. 
's. 53939553. 3-363650;9. 
9. 3942515- 96359619. 


9. 5945479. 963542 
9:394542.9.963488 
9.555137;9-363434 
9-393432,9-763379 
9459572 79. 963325 
9.596021'9.963271 
9:5963159:263217 
19-596609 3.553163 
9. 5969035. $6310Y 
9. 5971969. $63054 
9.597490 9.962999 
3. 9.597783/9.962 96254 5 
3. 598075, 3.962890 
9. 5933639. 962336! 
[9. 59356609. 962781 
19.395952 9 
19. 53995369.962617 
3.599327 9.962562 
9.6001189.962508 
9.600409 2962453 
9. 9.600700'9. 9.962298 
9. 9.600990'9.962343 
9.601280 9.952288 
9.601570 9.962233 
9.601860 9.962178 
9.602150. 2 OUTLAY 
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3619.5846651[9.965301 9.619364110.380635 
3719-534$6819. 9652439. 61972010. 330230! 
3819-585271 9-965 195 9.620076, 10.379924 
39]9-585574;9-965143 9-620432(10.379568 
4019.535877,9.9650909.620787,10.379213 


9.602439 9. 9.962067} 
9.602728 9. 962012; 
9.603017 9.961957] 
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4119-586179 9.955037 y.621142/10.378858 
219.536482,9.964934 9.621497] 10.378503 
4319-596793 3 984931 9.621852 10, 378148] 
4419-587085/9.5£4$79/9.622206/1 0. 377793 
4519:537386,9. 964$269.62256111c.377439 
4619. 5376885. 964773,9-622915{10.377085 
479: 587989 9. :964720,9.6232 69,10:376731 
43'9.5832899. 964666 9. .$23523|10. +376377, 
| 49/9-58859009.964513/9.623976/10. 376024 
50'9. 5888909. 964 5609.63 624330)10. 375670. 
[51 5119-58919019.954 50719.62.4633/10.375317 
* $2,9-559489 9.9544 549.625036/10. 374964 
| 53 9. 529789 9.9644 00}9.625388/10.374612 
' 54 9-5390088,9.96434719.625741110.374259 
; 35's: 5903879. 9.96429419-626093[10-373907, 
| 569. -39068619.96 964240\9.626445110.373555 
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| 59, '9.591580j9.9640809. 627501110. 372499 
| Co! 9.5918789.964026 9. £37932) 10.372148 
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9.62925 
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3.534490[10.365510/41 
to. 9.634539 10. 109.365162 40 
9.635185 [10.3648 5/39 
9.635532119.364468, 39 
19.635879]19-364121137 
9.636226|1 0. 353774; 36 
9.$3657211 0. 363428 35 
9.035919119.363081/34 
9.637265[19.362735 33 
9.63761 1[10.362399 32 
9. -037956 10.362044 31 
9.038302110.361698 30 
19. .635647|10.361353 29 
9.633992}1 © 361008 28 
9.639337110. 360663 27 
9.639682/10, -360318 26 
9.640027[10.359973 25 
9.640371110.359629 24 
9.640716[10.359284 23 
9. 64106910, 353940, 22 
3. .641404110. 353596, 21 
9.641747|10. 359253 20 
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9.642434/10.357566,18 | 
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9.60503219.951 569 


'9.64312010. -356880/16 
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9.60531919.961513 
9.60560E19. 961458, 
9.605892/9. 961402 
9.006179/9.961346; 
9. 9.60646 519.96 961290 
9.60675119.961235 
9.60703619.961179 
9.507322/9.961123 
9.60760719.961067 
9.607$92, 9.961011 


9.643806 10.356194|14 
9. Pe Pip eget. 84 
9.644490[l0, 35551912 
9.644832}10.355168 11 
9.645174{10. 35482610 


9.645516110.354484 
6.645857110.354143 
9.646199{10.3538c1 
'$5.646540[10.353460 
lg. 6468811}10.353119 


5:60$1779.960955 
'9- 60846112,960895' 
9.60$74519.960843 


19.609313]9.960730. 
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'9.647222/10.352778 
9.647562110.35243$ 
9.647903|10.352097 
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A Table of Artificial Sines and Tangents. 
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9. 7} 96061 

9.6r0164' ky 960561 
961044719: 96050 

9.610729,9.96044 $9. 
9.61 os 960392 
9.61 1294 9-960335 
g.-611 5769- 960279 
9.611858 9. 960222 
10,9: 612140,9.960165 


9.651297 


9.651974 
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10.351417 
I0,351077 
10.350737 
10, -359398 
10, .350058 
10.349719 
10.349380 
19.345041 
10.348703 
10.34336 


9. 649602 
9.649942 


9.650620 
9.650959 


9.651636 


9.31242119.960109 
9.612702/9.960052 


9.652650 
9.632983 


9-61326419- 95993 
9.613545 9-959881 


9.61298319. 919998; 


10.347688 
10.347350 
I0.347012 
653326110.346674 
653663j19-346337 
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'9, 9.625945 
'9, £2621 

5, bakeve 
9,626760 
9.627030 
19.62 627300 
(9.62 627570 
9.627840 
9.628109 
9.628378 
9.625647 
9. »6299T6 
9.629185 

9.629453 
9.929721 
9.625999 


Coſine 

9.957276 
99-9 57217 
9.957158 
3.337999 
3-9 57040 
3.95691 
9.956921 
9.356862 
9.956803 
9.356744 
9.956684 
9.956625 
9.956565 
9.956506 
9.956447 
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9-614105,/9.95976 
9-614385/9-95971 
9.614665 ,9-959654 
9-614944 9:959596 
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9.615223 9-959539 


9.615502, 9- 959432 


9.613825/9. 359769 
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9.61 5781;9.959425/9- 
9.616060 9. 95936819. 
9.616338, 9.959310(9. 


9.654000[10.346000 
9.654337|19-345663 


9.654674110.345326 


9.655011 10.344989 


9.65534$]19-344652 


9.6302579-956327 
9.630524/9-956268 
9.630792([9-956208 
9.63105919-9 
9.63132619-956089 
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9.656020[1 0.34399 


$617172,9-959138 


9. 9.616616 9. -959253(9- 
9.616894 9.95919519- 


9.6174 50,9-959080(9. 
Jo[261772779: 959023(9- 


10,3 342636 
10,342301 


119618004, 9.958965 
3219-61828 19. -95890 
319-6185 58 995885 


9.65903 
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9:619386 9. 958677 


9.619938 9-958561 
9. 620213, 9.958503 
9 .62048819. 958445 
9.620763'9. 958337 
9-621038}9.958329 
9.621313{9.9538271 


9.622409 


9.62322.9,9.99 
9.623502j9.95780 


: -62404719.957687 
49+ 6243 1919.957628 


(9-624591 


9.625135 
$9. 625406 
$9 9.625677 
9.625948 


9.662376 
9.662709 


3519-6191 10 9:-958734(9-660376|19-33962 
9.66071 
9.619662 9. 95861999. 


9-661377 
9.661710 


10.339290 
10.333957 
I0.338623 
19.338290 
110.337957 
10.337624 
10.337291 
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661043 


662043 


9.655684119-344316 


621 58719.958213 
62186119.958154 
9.622135/9.958096 
9.958038 
9-62268219.95797919-664703 
9-622.95619. -95792119.6650351[10-334965 

9.665366[10-334634 
9.665698] 0.334302 


957863 


9-623774 9957601þ 


937570 


9.663042 
9.663375 
9.663707 
9.664039 
9.664371 


666029 
.666360 
«666691 
_— 
9.667352 
0.667682 


10.336958 
10.336625 
10.336293 
10,335961 
19.335629 
10.335297 


10,333971 
10,333640 
10,333309 


10.332979 
10.332648 
19.332318 


9.668013 
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10.3319837 
10.331657 
10.331327 
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9.631859Þ-9 
9:632125 
9.632392 
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9.631 593-9 56029 

955969 
955909 
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9.663673 
9.665002) 
9.669332 
9.669661 
9.669991 
9.679320 
9.670649 
9.670977 
9.671306 
9.671635 


9.672291 
9.572619 
9.072947 
9.073274 
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9.673929 
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10.3238694 52 
10.328365 51 
10.328037 50 
10.327709 49 
10,327381, 43 
10.32 7053.47 
10,326726'46 
19.326358 45 
10.320071 44 
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10.325416 42 
[0.32 5039 41 
Io. 10.324763 40 
10.32.4436 39 
9.67585-2/10.324110,38 


=o. +323793 37 
10.323457; '36 


955729 
9.955669 
9.955669 
9.955548 
9.955488 
9.955428 
9.955368 
9.955307 
9.955247 
9.955186; 
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9.633199 
9.633454 
9.633719 
9. 623984[9-95548% 
9.634249 
634514 
9.634778 
9.635042 
[9-53 5306 


9.877194 
9.677520 
9.677846 
9.678171 
9-578496 


9.678821 
9.679146 
9.679471 
9.679795 
S 6801210 


9.955126' 
9.955065 
9.955005 


9.635570 
9.635834 
9.536097 
9.636360 
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9.636886[7-9 54823 
9.63714 919-9 54702 
9.63741 117-954701 
9.63767319-9 54540 
9 637933 2.954579, 
9.038197 2954518 
9.63845819-954457 
9.638720(9-954396 
9.63898119-954335 
9.639242/9-954274 


9.954944 
2.954883 


9.680444 
19.680768 
lo. 681092 
9.681416 
9.631740 


9.682063 
9.682387 
9.632710 
9.683033 
9.683356 
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9.634324 


9.639563/9-954213 
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9.64002419.9 54090; 
9.64028419.954029 
953968 


9.685290 
9.685612 
6.685934 
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953345 
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10.323131 39 
10.322806 34 
10.322480 33 
10.322154 32 
10.321829 31 
10, 32150440 
10.321179 29 
10.3208 54 28 
10.320529 27 
10.320205 26 
10.319830 25 
[0.319556 24 
10.319232 2 

I0.315908 22 
10.313534 21 
10.21$26020 | 
10.317937,19 
10,317613;19 
10.317290 17 
10.316967116 
10.316644 15 
10.31632114 
10,315999 13 
10.315676,12 

9.684646[10.31 535411 | 
9.684968 10.315032 10 
I0,314710, 
10.,314388 
10.314066 


9.686898[10.313102 
9.687219j10.312781 
9.687540[10. 312460, 
9.687861110.312139 
9.688182|10. 3118181 0 


m 0H uw > 


| x. Sy —Fine 


Co-tanp. Tangenr M 


Degree 64. 


— 


ed 


Degree 65. 


— 


— —J_—@_ —._— 


A Table of Artificial Sines and Tangents. 

| Degree 26. i ee E 2 
[Mj_ Sine 1 Cone. | Langent| Coreng. | | Sine | Copftne (Tangent 
<!9.641542[9,953660 9.655182|10.311818] 19.6590479.94988119.70716 
| 119.64210119.953599,9-653502110.311495 9-65729519-94981 707478 
2:9.64236019.953537(9-658323j10.311177 9:657542,9-9497 5219.707799 
319.642618/9.953475/9-6389143]10.310557| 9.657799 
| $/9.642877Þ.953413 9.639463110.310537| 9.655037, L To8414 
| $59.564313519-95335219-6897$3110.310217; 9.658294 9.9495 55{3-705726110.291274155 
9.94339 39-9 53290 9.590103j10.309897] '9.65$5319.94949419-799937[10.250063 54 
79-9436 50(9-95322519-690423(10.309577} (9-6537739.949429/9-72934Y10.29065 1153 
$9.64 390819-95316619-690742/19.309258| 9.659025 9.949 364/9-709660110.299340/52 
9 9.64416519-95310419-691062,10.308938| [9.65927 119.949300/9-709971[10.250029j5 1 
; 0 9.64442 319-95 3042 9.691381110.308619 9.859517 9-94923 319-712232110.289718j50 
11 9.644680(9.952980[9.651700,19.308300 (9-6597639-94917 9-710593110.289407149 
| 12 9.544936|9-952918[9-6592019,10.307981 19.6600099.949105 .710904 19.289096{48 
13 9-045193 umn. $70 pap [0002.3 FF-IIT0EL 9.711215 10.28878 5/47 

| p 


14 9:-645450{9-952793 9.692656(10.307344) 9.66c5019.94 $97 519-711525 10.28847 5146 
1 5 9.84 570619-95273119-$9297 5:19-307025| (9 660746994591 09-71 1836110.288164/45 
16 9.64 596219-952669 9.693293/19-3067074 9-660991p-94884 50-712146 10.2878 54/44 
17 9.6462 1$19.952606]9:693612;10.306388| [9.6612369.94$7$019-7124 561 0.28 

18 9.0464 740913 1609-00 I93011 0-266070 5.66148: 34871 $9-71276010.28723443 
19 9.64672919-9524$119.694248,10.305752\ 9.69617269.94 86509-71307 10.286924\4 1 
20 264698939934199.694 36610203424 26619766 24255 $-722306 Len K0e 

.64724019- . 0.305117, :9-662214(9. '9. ; 
PR aEy Tang ERDURI IE ITE BEET 
23 9-64774919-9 52231 9.695513110.304482 9-6627039.94838 -714314}1 0,285686{37 
24 9.648004(9.952168]9.695836{19.304164| [9.6629469.943323]9-714824{10.285376/36 
25 9-648258j9.95210619.696153)1 0.303847, 9-663 1909.9482 5719-7 1493311 028506713 5 
2.6 my I 219-953043 9.696470) L0:I0F 330! PErHINEEE 192 = _ er 24 53/34 
149.6499200.9519179.697103[10.302857 66392 pefodelayr 596 ee hg 
29 9.-649274(9.95185419.697420110.302580; 9.664163 9.94799519-716168]10.283832/31 
30 9:64952719-95 1791[9-697736110:302264/ (9.6644069.947925 9.71647 Aa ee of 
31 robin Ido pot: adn j9-5545489.947863/9 worry penn 
32 9-05093419-331 —— © vi app 3 pg 9119.947797,9-717 yy 10.282907\28 
Dei reign ont LY Ind $445 are orc 
9.0505391- 39 5- - | +947665;5- 10.282298 

339-63079219-931476 9.699316110.300684 9.565617 9.9476009.7 180! ; 
36 9.651044(9.951412 9.69963210.300368' 9-6658599.947 5339-7 15325 10.281675j24 
37 9.65129719-951349 9-699947,10.300052' 9.6661009.947467,9-718633h 0.28136 23 
38 Se rdeopggrs 9.700263|10.299737 9.6663429.947401'9-718940]1 0.28106 


Fong 


39 9.651$00[9.951122 9.70057$[10.299422' [9.66658319.94733 5.9-719248110.280752]21 
4olg.6 $205219.951159 9.700893 10.299107, 19-66682419.947269.9-719555110.28044 5]20 
4119.6 5230419-951 096 9.70 1208/1 0.298792] (9.657065 994720397 19862]10.28013 I9 
4 9.65255519-951932 9.7015231|10.298477 9.667305 9.94713 9720169 10.279831118 
4319-6 Progfp5cg= 9-701837[10.298163| [9.66754619.9470709-720476[10.27952 


9.65305719-950905 9.70215210.297848| [9.667786 9.947004 9-720783 10.27921 
4519-653308 9.950841 9.702466110.297534| [9:66802719.946937 9-7210389}10.27891 1)15 
4619-653 5589.9 50778 9.702781110.297219} [9-668267'9.94687 19-721 395[10.278604|14 

9.653$03:9.950714 9.703095j10.296905} [9.668506 9:946804.9-721702 10.278298]1 3 
489-654059,9-950650 9.703409 10.296591] 19-66874619.946738 9-722009110:277991 
499-654309 9-950586 9.703722, 10.296278 9.668986|9.94667 119722315 10.277685|11 
509654558 9.950522 9.704036.10-295964| [9-669225/9.946604 9.722621110.277379]|10 
51j9-654808 9.950458 9.704350 10.295650| [9.669464)9.94653 19-722927[10.277073 
$2,9-64 5058 9.950394 9.704663/10.295337] 19.669703/9.94547 119.723232|10.276768 
53/9-6 55307 9-950330 9-704976,10.295024| [9.669942 /9.9464049-723 538|10.276462 
54 9.055556 9.9502669.705290 10.294710 9.670181) -94633719.723 10.276156 
$5,9.655805 9.950202 9.705603 10.294397| [9.67041 9 9:94627919-72414 10.275851 
569.656054 9.950138 9.705916 10,294084] [9.670658/9.946203/9.724454[10.275 546 


REY 9.950074 9.706228 10.293772] [9.6708969.946136;9.724760|10.275240 


> 
_ 


kh ou OW 


5819.655551 9.9500109.706541 10.2934 59 
599-650799 9.949995 9.706854 10.293146 9-67137219.9460029.72537 
6019-057047 9.949881 9.707166 10.292834 9.671609'9.945935 9.725674 ,32C 
| Co-ſme | Sine | Co-rang. | Tangenr | Co-fine.” |... Sine | Co-tang, . Tangenr- 
Degree 63. | | "Degree 62. | 


SL of 7: ar _ _ " SLATER 
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wy 
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PE 


A Table of Artificial Sines'and Tangents. 


- 


CO ——_—_— 


C 289. | : DAT BOT P he Degree 29, 
M oe” | Cofine, Tangent! Co-tang.. _ dine ne | C Co-ſine ine Tangent | _ Co-tanp. || 
| ng 945935 9.725674 10.274326 |9.63557119.9418199.74375 1,10.25624860 


1 9.571847 9.945868 9.725979 10.274021; 9685799994 17499-74050 19.25595 39 
2 9.672694 9.945800 9.726254 j 10.273716; 9.65602719.941679'9.744343,1c.2556 652159 
3'9.672321 9.945733,9-727 598 19.273412/ 9.636254,9-941609,9.74464.5 10.2 35355157 
4 9.672.558 9.945666,9.726892/10. 273103, 9.6364$2/9-94 15399-744943'10.255057156 
59672795 9.945 5999-727 197 1.272803 9.53670299-94146919-745249 19.254760]5 | 
nar4 444 349644414 m7 500} :19.272499, 19- EE apt” 4 745538 19.254462154 | 
9.673268 9.945464;9-727505 10.272195; [9.657163/9.94132519-745935 19.2541651(53 | 
3 0:6123059:9453909. . = 284 agen + 9.637389 9-94125819-746132 10.253565|52 
99.673741 9.94532 9[9-72 412 10.27158 .6876169-94118719.745429 10.253571151 
10 9.673977 9:94526119-7287 16 19.271254, 6.657943 9.241 1178-74673 1625337450 
11 9.674213 9-945193]9-729020j10. 270930, 9.688$0599. -94104619.747023. 19.252977/49 
129474448 9-945125[9-729323119.279677, 9638295 9-94997 519-747319 19 -252651'45 
13 9.674684 9-94 50 58]9-729626'10. 270374; 9.63352 1'9- 94999509 -747616,10.232394/47 
14 9.574919 9-944990[9-729929, 10.2 ay 007 I} 19. pd hid 9g0n24p: {4 3j10.2520$7/46 
15 9675155 9:944922]9-739233 19.24 9767 '9 655972 9-940763/9-745209 19-251791/45 
169. $4 1484 94435419-730535 10, 269465 9. 6891989.94 949693. METAR: 10, 251495444 
17,9.675624 9.94478<19-730838 10.269162] (9.689423 /9.94062219-743801]10 23119943 
189-6758599-9447199-731141/10.2688 59 9.396459.9405 31.749997 10-2 5290342 
199676094 9.944650ÞÞ-731444 19.268 336, 3 PRs 42998: 54 $9393} 10,2 250607 41 
3 I T ©.? ? 0 a, < IO. 

20 9.676328'9.944 5$219-731746 I0 : 54 0900 YER-L4040MN-74GOES, 230301440 
219676562 9.9445 14]9-732948;10.2 7952 9.69932 03239-94033918:74998 5; 10.250015139 
na tht kn 4/429 p1 17A 351 cries p-590 5189.946267Þ 750281 :10.249719/3$ 
23,9-677030,9-944 377]9-732553,19-267347| 9-999772/9-940 19613-7590 576, 10.249424(37 
24'9.677264/9.944309]9- -732955,19.267045] [9.6509969.94012519- 750892, 19,249128(36 
25 9:677498 9.94424 119:733257; :10.26674 3, 9.6912209.940053]9.751167' 10.2 243333/35 
26,9. 6777319. 944 17219-733558,10. 10.266442/ 9.691444 9-939982]9-751462/10.24$538/34 
27,9-677964 9.944 104[9-733860,10.266140, 9.5916639.93991 119,751757,10.2492 43/33 
299678197 9.94403619- 734162 10.265838, 9.691892 9.939340[9.752052410.24 7948/32 
29, pentaaohg rey 4 734463; wa ne pegnl l had 9. [dt 10:24765331 
30,9-07 312-243 999 4704,10-20323 9-2923392-93909719-7 52042 10.2473583/30 
31/9.67889519. 943830 9.735966,10.264934)] 9. 6925629. 9-93962 59-7 -752937[19.247263|25 
ea een) Sarreda angie aacrote 
33/9-07936019-943693 - 00 948219-753526110.246474'27 
2419.679592 9.94 3624,9- 735969,10.2 264031 9-6932319-939419/9-753820/10, peo ny 
3519-67982419.943 55 519-736269}19-263731} 9.693453 9-939339'9-754115110.245885/25 
Z 

9.9 


3619.680056(9.94348c9.736570/10.263430, 9.6936769.939267,9.754409/10.245591124 
3719.68028819.943417[9-73687010. 263130, 9.693898 9.93919519-754793j19-245297[23 
3819.68051919.94334819-737171|19.262829 9.694120 9-9391239-754997119.24 5003]22 
3919-08075019-94327y[9-737471110-262529 9.69434219-939052 9-755291110.244705j21 
40 9.68098219.943210|9-737771119-262229 9-694 56419-938980/9-755585/10-2444 15120 
41 9-68121319-94314119. 738071|10. 261629 9.69478619.97 9389089. 755378; 10.244122119 | 
42'9- .68144319.94307219-738371]10.261 629, 9.69500719. 933836, 9.756172110.243328|18 
43 9-631674j9-94300319-738671]10. 261329, '9.69522919. 9387639.756465119.243535[17 
44 9681905 9.942934|9-738971[10.261029] 9.695450[9.93369119.756759j10.243241|16 
459682135 9.942864 9.739271 10.260729| '9.69567119. 9-9386199. 757052110.242948]15 
469-682365 9.942795(9-739570[10.260430| |9.69589219. 938547 9-757345110.242655[14 
479-682595 9.94272619.73937010.260130] 9.69611319.938475 9.757638}10. 242362113 
489-632825 9.9426561[9.740169]10.259831} 9.696334/9-938402.9.7579Z1 
499-683055 9.94258719-749468|10:259532] (9.696554,9-938330 9.758224 
509-5383284 9.94251719.749767110.259233] 9.696775/9-9382589.758517110.241483 
5119: 633514 9. 94244319. 741066[10.258934| (9. 696995; 9. 9.938185 9. 758810[10.241190 
52/9- -683743 9.942378(9-741365|10.258635] '9.697215 9.938113'9.759102]10.240898 
5319-633972.9.942308(9:741664[10.258336| 9.697435 9. 9380409.759395[10.240605 
54'9- 68420119. .94223919:741962110.258038] 9.69765 4.9. 937967 9.759687j10.240313 
| 5519:68443019-94216919.742261 29:337739 9:697374 9- 937895 9.759979/10.240021 

5619-6846 5819: 94209919-742.559, 10.237441] 9.698094,9.937822 9.760272110.239728 
5719-684887(9.9420299.742858/10.257142 9 698313 9.937749 9.760564110.239436 
53j9.68511519.94195919-743156110.256844| '9.698532.9.937676 9.760856{10.239144 
5919-68534 3(9-941 88919-7434 54/10. #16345 9.6987 51/9:937604 9.761 r4$|10.238852 
609.685 57119.94181919. 743752/10.2 256248 9.6989709.9375319.761439]10.235561 
|— © Co-fne | Sine | Co-rang. | ER ' C--ſme. | Sine | Cor-rang. Tangenr 


Degree 61. | Degree 60. 


s) Se 4 fon o\ a owl 
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A Table of Artificial Siges and Tangents. 


Degree 30. Degree 31. DG 
ie | Co-jme, Tangene| Co-rang. | | Sine | Co-fine Tangent; C o-tang. (| 
9.937531 9-761439,19.238561} [9.71 9.7118399. 93306619. 775774 10.221226 


9.9374 58 9-761731110.23326 9.71205097 932990(9-7790$0j10.220940159 
9.937383519-762023|10.237977 9. 7122609.932914[9-779346110.220654158 
9.93731219.762314 16237686 19-7 12469(9.93283819.779632}10.220368([57 
-93723$19.762606[10.237394) 9.71267 9.93276219. 779918110.220082156 
5 9-937 16519-762897110.237103| |9.712889(9.93268519.780203/10 .219797155 
619.700280[9.93709219.763188{10.236812 9.713098319.93260 9.730489]10.219511154 
719.70049819-937019 -763479119-236521, 9.713308/9.93253319.780775110.219225153 
$19-70079619-93694619-763770,10.236230| [9.71351919.93245719.7$1060 10.218940152 
919-70093319-93687219.764061110.235939, [9.71372619.93238019.781346110.21365451 
| 1019701151 9.93679919-764352110.235648 9.7 13935{9-93230419.73 1631 10.218369(i50 
1119-701368[9.93672519.764643[10.235357 9.71414 419-9322289.7819161]10.218084 
1219-70158519-93665219-764933]10.235067| [9.71435209.932151\9.782201]10.217799148 
1 3]9-70180219-936578[9.765224110.234776| [9.71456119.93207 519.7824 $6[10.2175 14/47 
1419-70201919-93650519.765514[10.234486 9.7147699.931999$19.782771119.219229/46 


1519-70223619:93643119-755305119-234195] [9 71497915.93192 119.7830 56 eg 


1619-7024 5219-9363 57 9.7660951109.233905] [9.7151869. -931845] 783341 16.216659 
, 9.70266919.936284[9.766385 10.233615 9-71 539419-93176819.783626[10.216374'/43 
1819-70283 519.9362 1c[9.766675{10.233325| '9.71 pegpanat :783910[10.216090\42 
9 


me 
_ 
— - 


1919-70310119-93613E19.766965110,233035 '9.715809(9.9316149.784195|10. 215805141 
2019-79331719-93606219.767255119.232745] 9.716017 931 5379:734479112-21 5521140 
2119-703533[9-93593819.767 54 5119-232455] 9.716224/19.931460j9.784764|10.21523639 
2219-70374919-9359141[9.767334/19.232166 19-7164 32/5. 931383 .785048[10.214952138 
2319-7039641[9-935340[9.768124110.231376 '9. :7166399. 9313069. 785332110.214668[37 
2419.70417919.93570619.768414'10.231586| 19. 7168469. 9312299.7385616[10.214384{36 
2519-70439519-93 5592 9.768703[10.231297) {9.717053|9.9311 52/9 785900[10.214100[35 
2619.7046101[9.93561819.763992j10.231008 9.7172 5999-93107 519,786184 10.213816/24 
2719-70482 519-935 543[9-769281[10.230719| [9.71745619.93099819.786468[10.213532/33 
23[9.70504019-93 54691976957 1110.230429 19- -71767319- Ars 7386752110.213245|32 


2919.70525419-935395 9.76986c110.230140 19-717879 9.93084319.787036[10.212964131 
3019-795469]9-93 53209-7702 148110229852] /9.718085[9.9307669.787319110.212681130 
3119.70568319-935246]9.7704 37[19-229563 19718291 9-93068819.787603[10.212397/29 
3219-70599$19.93517119.7707261[10.229274 9-7 19497 9. PROues .787886[10.212114128 
33/9-70611219-93509719-771015110.228985 27 
3419.70632619-93502219.771303[10.228697 


788453 t0.2 211547126 
3519-76539 9:93494819.77 1592/10 225408 .783736110.21 126425 


369-706753[9-934873|9.771880/10.228120] {9.719320(9.930300(9.789019/ls. 210981124 
3719-706967[9-93479519.772163j10.227332 19. 71952519.939223j9.789302|10.210698]23 
3$19-79718019-93472319-772457(19.227543 19 .71973019.93014519.7895$51[10.210415]22 
3919-70739319-93464919-772745/10.227255 (9-7 1993 5,9-93906 .789868[10.210132[21 
4019.70760619-934574/9-773233 19:226967] (9.720140 9.9299899.7901 51[10.209849]20 | 
4119.70781919-934499/9-773321|10.226679 9-720345/9-92991 119.799434119.229566|19 
4219.70803219- 93442419. 773608/10.226392 (9. 7205499. 929$3319.790716110.2092$4j18 
4319-70824 519-934349(9-773396/10.225104 19. 720754 9.92975 519-799999110-209001|17 
449.7084 5$19-934274(9-774184 10.225816 (9. .720958 9.929677/9.791281[10.208719]16 

| 9.721162/9.9295999.791563[10.208437]15 
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45/9-70867019-934199(9-774471[19:225529 


469: .703888219-93412319-774759/19.225241] j9.721366'9. 92952109. 791846[10.208154|14 
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9.897810! 
9.897712 
9.897614 
9.897516 


9:771950919- 


5219- 
53]9- 
5419- 


874747 


875010 


$75273 
875537 


9.787883 


9.889421 
9.889682 


9.388994 3 


[0.110579 
10.110318 


9.897418 


9.78804 519.897320 


9.890465 
9.890725 


10.109275 


13 


j*3 
I0.110057, 
10.10979610 


10.109535 


II 


9.18820819.897222/ 
9.78837019.897123 
9.73853219.897025 
9.7836941\9.396926 
9.78885619.896828, 
9.789019$[9.896729 
9.789180[9.396631 


9.890986 
9.891247 
9.891507 
9.891768 
9.892028 


10.109014 
10,10$753 
10.108493 
10,108232 
10.107972 
9.892289/10.107711 
9. $9:819re. 107451 


9.78934219.389653219.892810j10.107190 


Sine E--1 Co-rang Tangent M 
Degree 52. 52. 


8 
7 
6 
2 
4 
3 
2 
I 
AN ws 
M 


A Table of Artificial Sines and Tangent, 


Degree 38. CS | Degree 39. | 
M _»' Sine - | Co-fmme. | Langent Cot = | Co-frne [Tangenty Co-ranp. F 
0 9.78934. 219.396532;9.392810 Tero7199 9.798872.9.89050 
1 9.789504[9-896433 9.393070|10.106930! [9.799028 9.8904 
2 9.789665[9-396335,9.893331]10.106669 [9.799184 9.89029 
3 9.789827(9.8962 2369- $93591110.106409 [9.7993399.-39019 
4 ©789988/9.396137j9.993851110.106149, [9.799495 9.89009 
39: 390149|9.86 896038,9-394 11 1]10.105889! [9.799551/9.8899 
69. IT 9-3959399-894372/10.105628, 9-799S06 9.88988 
9. 


be —_—_ 


79-790471 '9.894632[10.105368: [9.7999629.88978519.9101779[10.08982 

= 9.790632 .394892110.105108| [9.8001 17,9.889682 .910435110.08936 

| 99-790793[9-89564 119.895152110.104848| {9.300272/9.88957 .910693[10.089307 
10 9.79995 41[9-395 54219-8954 12110.104 588] [9.8 .$004279. 9.389477.9.910951[10.08904 
11 9-791 115(9-895443]9.895672[10.104328| 9. 89058219. $89374:9.911209|10.088991 
12 9-791275]9-395343[9-395932110.104068] [9.890737 9.98927 119.91 1467]10.038533 
13 9-791436[9-39524419-896192[10.103808| [9.800392'9.889168\9.9119425[10.038254 
14 9-791 596[9-895 14419-3964 52110.103548| [9.8010479.8890649.911982[10.08801 
15 9:7917569-89504 5]-596712110.103289] (9.80120119.83896199.912240[10.08776 
169.791917[9-394945[9-896071 —_ 9. .8013569.81 $888589.912498 
17 9-79207719-39484619.897231110.102769! [9.8015 119. 3887559. 912756110.097 
'18 9.79223719-594 74619-89749 1110.102509| 19.8016651(g. $886519. 913014, 10,086936 


19 9.79239719-39464619.397751110.102249 pneBa0l. -$885489. 913271110.086729 
2 0197 
9.30212 


20 9.792 55719-5394 54619-898010f10.101990 9-888 9.913529110.036471 
21 9.7927 14<]9-39444519-893270{10.101730 0.88834 19.91 913787110.086213 
22 9.792$76[9.39434619.898530[10.101470 | .$02 2829. $8382379.914044|10.085956 
23 9-793935([9-$9424619.898789110.101211] |g. 3024369. 8881349. 914302j10.085599137 
24 9-79319519-89414619.89904919.100951| 13. 8025899. $88030(9.914560[10.085440136 
25 9.792334[9:39404419-899308110.100692 [9.802743/9-8879269.914819[10.085183/35 
26 9.793 51419-89394619.3899568[10.100432| [9. 80289719. -3$78229.915075410.08492 5/34 
27 9-79367319-393346]9.899827[109.100173| [9.803050/\g. 8877189. 915332110.03366933 
23 9.79383 219.89374519.900037}10.09991 3 2.803204 9. 8876 149. 915590 90]! 0.084410/32 
29 9.79399119-389364519-990346[10.099654} 19.803357/9.8875 109.91 5847]10.0841 53;31 
30 9.794 150lg. $935441[9.900605110.099395} [9.80351 119. 3874069 9.916104 10.c383895136 
31 9.794308\9.393444[9.900864[10.099136] |9. -$03664/9. .887302 9.916362 10.083633/25 
32 9-7944 6719-893 3439-901 Soo 9. wy 719- pot” -916619110.083381/28 
3. Ws 


33 9- 7946269. .$9324319.9013$3|10:098617 870939. 916877[16.083 123/27 
34 9- 7947849 893142, 9.9016421[10.093359| [9.804 12319 8869899. 917134110.082366/26 
35 9-794942 9. 393041 9.901901110.09809y! [9.80427 $86885 9.917391[10. 032609/25 
369. 795101 9. 892940 9. 9.902160 10.097840] [9.80442$|9.8867809.91764 $110. 032352/24 24 
37 9-7953259 9. 892839 9.902420 10.0997580| [3.304 58119: 8866760. 917906[10.082094[23 
38 9795417 9-3892738 9.902679 10.097321] [9.804734]9. $8657119.918163[10.081837/22 
39 9795575 9.892638 9.992938 10.097062] (9. 804886 9. $864669. 918420ſ10:081580{21 
40 9-7957339-392536 9-993197 10-096803] 1g. $050399. 9.886362.9.918679]10. .081323/20 
419. 9.795891 9.892435 9- 9.993456, 10:0965 9.805191/9.8862579.918934[10.081066[19 
42 9.796049 9.392334 9- 993714 10.096286| |9. $05343/9-8861 529. 919191}10.080809/18 
43 9-796206(9.892233 9.993973,19.996027] 19. 805495, 9.8860479.919448[10.080552/17 
44 9.796364 9.892132 9. 994232. 0.095768] 19. 805647 9.8859429-919705 
9.796521 |9.892030 9.994491 10.095509] |9. 3057999. 385837 9.919962 : 
69-796678 (9.891929 9.994750,10.095250| [9.80595 1/9.885732 9.920219 Toong781 Fl 
479. 796836 9.891827 9. 905008 10.094992} [9. 806103 9. 8855275. 920476110.079524/13 
48 9:79699319-891726 9.905267 10.994733] [9.806254'9.985 522 /9.920733[10.075269|13 
49 9797150 9.891624 9.905526 10:094474| [9.80640619.8354169.920990[10.07501 
509797307 9891522 9.995785 10.994215] (9.806557 9.885311 9.921247110.078753/10 
519-797464 9.891421 9.906043 10.093957| |9.806709/9.8852059.921503 
52 9.797621 9. 891319 9.906302 10.0936938| [9. ; Gy 7 8851009. 921760 
$3.9-797777 9.891217 9.996560 10.093440| [9.80701 119. $84994 9.923017 
54 9-797934,9-891115 9. go6819 10.093181] |9.807163/9.884889 9.922274 
55 9-79809119.891013 9.907077 19.992923] [9.073 14/9-884783 9.922530 
56, 9. 9-798247/9- 9.890911 9.907336 10.092664 [9.80746519. $34677 9.92278 
$7.9-798403|9.890809 9.907594 10.092406| j9.80761519.384572/9.923044 
$80: .198560.9.890707 9'g07853 10.092147| [9.80776619.834466,9.923300 
99-798716|9.890605 9.908111 10,091889; 9.30791 719. -$843609. 923557] 
609.791 7938872 9.890503 9. 908369 10. o9163 1] 9.80806719.$834254 9. 2923014 ? 
_ Co-ſme | Sine Co-rang. | Tangenr| | Co-fine. | . Sine | Ce-rang.. 1 Tang 


Degree 51: | Dexree 5©. 4 


ef” \; Wnt —_—_ » by Fu — ll. 


ul Cf) 


A Table of Artificial Sines and Tangenes. 


9.92407 10.07 5930, 9.3170889.$776701[9.9394 1 $11 0 .o60582) 59 


9:924583110-075417| (9-3173799.877450(9-93 16060072 37 
10.075160| [9.8175249.877340{9-940183[10.0598 
10.074904 |9.8176686.87723019.9494 10,0595 {a 
10.074648 [9.81 $178139.87712 +9406 0.059306, 54 
10.074391 (9.007958 $77010|9.940949119.05905 1153 
10.074135 9.818 1039.8768 9.941204/10.058796 52 
10.073878| 19-818247]9.876789/9.941455110-05854.1,51 
. .$ -941713119.058287'50 

10.07336 .$1853619.$7656$19.54.1 96 10.05803249 


19-Bog7 1 819.883 08419. porn 
12/9-809868[9.882.97719.926 


.$13$2519.87634719.94247$10.057522 47 


14\9-810167 42740311 0-072597| [9.81396945 -942733110.057267 46 
1519-$1031619.88265719.92765 10.072341) 9.8191 13j9.87612 19-942.98 10.05701245 


1619-810465(9.88255019.927915{10.072085] [9.819257]9.87601 419.943243(10-0567 57,44 
1719.810614\9.8824439-92$171119.071829j [9.819401]9.87 5$90419-943498110.056502/4 ph 

6310765. .88233619.92$427[10.071573]| [9-$19545}.87 579319-9437 52110. 05624942 
9,9-81091219.882229.9.928684110.071316| [9.8196899.875682, 9.944007[10.055993|41 
$44 .$1106119.$82121/9.928940[10.071060| [9.3198349.87557 119-9 10.055738/40 


2119-81121 panes 149.9291 .$19976þ.$75459,9-944517110.055483139 


22\9.8113583\9.881 997 9- .929452110.07054 .$20120Þ.$7 534$19-944771110.055229,35 
23|9-81 1507 9.881799 9:92970$10.070292] [9.820263Þ.87 323719-94302610.054974|37 
24/9.811655 5. 8816929. -929964/10,07003 .$20406(9.87512619.945281{10.054719136 


2] dba .881584,9-93022c 
2619.811952 9.881477 9-93047 5j19.069525 
27 9.812100 9. 881369(9. 
| 28/9.812248 9.881261 9309 
29 98123969. 88115 


.$205499.$87501419-945535110.05446 35 
-8$20693Þ.$7490309-945790110.054210134 
-.$20$36Þ.87479 1049-94604 5110.053955133 
-$209799.37468019.946299/10,05370 1[32 
$21122(9.87456319:946554{10.053446/31 


30/9-812.544.9- -$21265]9.8744536(9.946808110.053192}32 
3119.81269219.88093$v9. i $21 9.874 34419-947063j10.052937129 
3219.81284 . . .$21550j9.87423219.947318110.052682128 
33(9-812988[9-880722|9-932 q 19-32169319.87412119.947572/19.05242$|27 


34(9-813135|y.880613; 
3519-813283]9.880505/9.93 

3619.81 343c p-880397) 93393311 0.06696 
3719-31357 8|9.88023999.933289/10.066711 
3319-3813725]9-8801B8cj9.933545/10.066455 
39|9-813875219.88007219.933L00]1 0.06620c 
4019-81401 gf9.87996319.934056[10.065944 
4119-814166(19.87985 519-9343 1 111 0.065685 
4219-314313]9-37974619-934 56711 0-06543 
4319-381446019.3$7963719-934822/10:065198 
44\9-31460719-87952919-935078|1 0.06492 
4519-3 14753]9-87942009-93 $3331 0-06466 
4619-814900j9-87931 119.935 589110.064411 


og 83519.87400919.947827[10.052173125 
$21 719-387389619.948081]10.051919125 
-$2212019.873784{9-94$3351[19.951665|24 
-$2226219.$7367219-948590[!0.051410[23 
9.82240419.873560(19.948844{10.051156|22 
9.82254619.87344$19.949099{10.050g01[21 
9.82268819.$7333 519-94 353119-050647,20 
9.82283 19 
-3$2297219,87311 18 
8231 14j9.87299919,950116|10.049884/179 
.$232553(19.$7268 519. 
$23 $72772Þ9. 


I 
6323539{9.87265919.95087 Treas, 


4719-81504619.8 d-935844{[10.064156| [9:82368099.892 546019.951133[10.048867|13 
4819-31 519299-87909319.936100[10.063900| [9.323821 Sadie ard6ry Iz 
4919-31533915 $419-9363551[10-063643| [9.$82396319. «951643[10.048358{11 
5019-81 548519. 9.936610[10,063339] j9.32410 1896[10.048104;10 
SI 9.81 563215 $19.936866[1 0.063134 $2424 9 
| 5219-81 $7785 99.937121110.062879] [0.82438 952405[10.047595] 8 
$319-$1592415 2-937377110.062623| [9.32452 952659110-047341| 7 
54;9-81606 $9-937632/10.062368] [9.32466 «95291310.047087] 6 
559816215 2» 9.937887110.062113] [9.32480 <953167110.046833| 5 
| $6'9.816361197 N9-938142{10.061858| [9.82494 4 
$7,9-8165c 9.378 10919.933398j10.061602| [9.3250 3 
$8,9-8166z 9.971995 3-938633110.061347| [9.32523 . 
59/9.8167gt $77890Þ9-933908[10.061092| [9.825371þ9. l 
| 52231654 -877780pp-939163]10.060837] [9.82551119. 293443 10045563] © 
| —["Co-fine "Ee a angent | | Co-fine | Sine | Co-rang Tangent |M 
— —— x; Sup a 4 


| 


A Table of Artificial Sines and Tangents; 


| bo 43.- ----- ] | Degree 43. 
Sine | Co-ſine. | Langent| Co-tang. | "Sine | _Co-fne \Tangent Co-tany. 4: 
| o[9.32551119-57 1073 9. 9-954437110.945563) [9.8337839 -36412719.969656110.030344|60 
119.82 565119.3709509.934691110.045309' (9.833919 9.86401599.969909110.030091]59 
219.32579119. $708469- -9349465[10.045054 [9.834954 9.386389219.970162]10.029839)58 
| 3632593 119.570732/9.955200[10,044800 [9.834189 9.86377419.970416[10.0295 84157 
Kl9.82607119.370618;9.9554 54110.044546 {g. 834325 9- —_— 9-97066910.02933 156 
_$19:826211 9.870504|$955708 10.944292 [9.834460,9.86353$9.970922[10.029079)5 5 
"619-8263 51]9.870390(9.955961]10.044039 [9.835594/9-36341919.971 173/10 = 
719-$2649119.87027619.956216110.043785 (9.8347309-$6330119.97 1429110.02357 1152 
89.92663 1[9.870161]9.956469\10.043531] 9.83486 9.36318319.971682[10.028319|52 
9!9.326770j9.37004719.956723]10. 943277, 9. $1499998630 9.971935119.02806551 
1019-8269 10]9-359933[9-956977119-243923 j9.$351349-3629469.972183]1 0.027812/50 
$27049]9-8698 18]9.957231[10.042769 |g. 8352699. $628279-972441(10.0275 5040 
$27139]9-869704[9.957485110.042515] |p.8354039. $62709% 972694110.927305/48 
1319-$2732819-36558919.957739110.042261| (9.83553 9.972948[10.027052147 
$27467[9-86947419-9579931[10.042007 9.83567 pond 9.97 3201110.026799i46 
15j9-3275069-35936019.953247110.04 1753! [9 83580719-8$623539.973454{10.026546/45 
16/19.82774519- $6924 5 2.955500 10. -041 500, 9.83594 119-3$6223419.973707[10.026293 
17 .$27884[9-369130[9.958754'l0. -041246| 9.83607 519. 862115 19-973960]10,026040143 
| 1839. .82802 319.36901 -959008 10.040992 19.8362099-8619969.97421310.025737/42 
199.328 16219.368900j9.959262 (19-049738) 9.836343 861879 9.974466, opgan2 4 1. 
{ 209.328301]9.36878519.95951610.040484| [9.8364779-8617599.974720/10.02.52804 
2119-3234 3919.86857 :959769 10.040231 $3661 119-36163$99.974973[10:025027|39 
22:9-32357$19-36855519.960023 19.939977| |3.g3674 519-3615 1999.97 5226110.024774|38 
2319828716 9.368440j9.960277 10.039723| |[3.g368789.8614009.975479110.024521/37 
j 24 9.323355 9.36332 960530 10, +039470! #devntn © 86128 29. 975732 10.024268 36 
{ 2519- $28993[9.36820 9.960784, 10,039216/ 2.837 8371459.861 16119.975935]1 0.02401 5[35 
26/9. .829131]9.368093]9, 961038 Io. 038962! 3. 18372799: $61041[9.976238[10.023962/34 
27/9-32926519.26797819.961292/10.038703| [2.8374 12/9.86092219.976451110.023509/33 
23 9.329407[9.36786219.961545/10.938455, [3.83754699:86080219.976744110.023256/32 
29, 9.829545[9-$6774719.961799 10.038201| |5.83767919.360682]9.976999]t0.023003/31 
30/9-32968319.86763 19.96205210. 237948, [2 20778098. $605629.977250|1 0.22275 30 
3119-82982 119.367 51 5]9.962306,19.937694| [9.837945 3504429-977 503/10. 922497/29 
32/9- $29959/9-$6739919-962 560,10. 037440, [3.83807 $60322/9.977756|10 .022244/28 
| 33/9- $30997; 9.3672$319-962$13 19. 037187, 3.83321 1j9.$60202'9.97$009]1 o, 0219917 
| 34 .$30234 9. $67167| 9. yoni (hoy -036933| [9.833344|9.8600829.97$262[10.02173Y26 
9839372 9-36 3670519 9.963320 10.036680, 19.83347719- $5996209.978515|10 021485125 


| 
| 


3919.$30784 936670319. 96408110,03591 
3919-330921'9. fp rphens 964335 19.03566 
40 9: $31058 9. 9.366470 9.964 588 10.93 10.93541 
419.-3831195 9. -$663539- 964842 10,03515 
42 9-8313329- Out I0,034905 


43 9:33 1469 9.866120/9.965349 10.034651 
44 9.331606 9 $6600419.965602 j0,034398 
459-$31742/9-865388719.965855 10.934145 
469-831879 9.86577019.966109 10.033891 
47 9-332015 9. 865653(19.966362 10.033638 
489- $32152/9.86353619.966616 10.033384 

499- 832288). $65419{\9.966869 10.033 - 


509.83 $32425 9.86530 9.967123 10.032877| 


51 9-3832561 9.865185]9.967396 10.032624 
52 9. $32697 9.865068[9.969629 10.032371 
53 9-832833 9-864950/9.967883 10,0321 17] 
54 9-$32969 9.364833/9.963136 10.0318$64 


55 9333105 9-36471619.968389 10.031611 


56 9-83324119.864599/9.968643 10.031357, 


579-3833376/9.86448 1[9.968896 10.031104; 
53.9- $33512 9.364363]9'969149 10.030851 
59'9- $3364319.86424519.969403 10.030597 
60.9.83378319- $6412719-969656 10.0303 
—1  Co-ſme | Sine | | Coang. Tangent 


Degree 47. 


4 1. $4 ® 


9.83861 
3-83374 


9.8390 


9839140959360 
9. Fr ap Tong TR 
o.839480'9. $5911 


9. 839568 


$598429.979$768[10.02123 
+9790211I10.010975 
+979274110.020726124 
0c 979527[10.020473[21 
-979780[10.020220ſ[20 | 
'9.980033[10.019967|19 

99.980286[10.019714 
9 #39536, 9. Te, .98053$}10.919462 


$59721 
(9-83387 $5960 


| .Ce-fine, | A 


I 


9.85837 


24 
23 


980791[10.019209 


19 
18 
17 
16 


9.839300'9.3853756 $587569.9$1044110. 10.018956 15 
9.8395 329.35363 519.951297]10.018703 I4 
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Some Uſes of the following Tables of Logarithms, Sines, and Tangents. 


. Moneſt the many admirable ways that have been from time to time invented for 
propagating the Arts Mathematical, and eſpecially that of Trigonometry, Lo« 
garithms, invented by the Lord Napier, may challenge the Priority, and the Tables of 


Artificial Sines and Tangents, compoſed by Mr. Ganter 3 for that they expedite the A- , 


rithmetical Work in moſt Queſtionsz Moltiplicatian being performed by Addition; and 
Diviſion by Subtraftion, the Square Root extracted by Bipartition, and the Cubique 
Root by Tripartition : So that by help of theſe Numbers, and the aforeſaid Sines and 
Tangents, more may be performed in the ſpace of an hour, than by Natural Numbers, 
or by Vulgar Arithmetick canbe in fix. Now of what frequent uſe the Doctrine of Tri- 
angles, both Plane and Spherical, is in Aſtronomy (for the Reſolution of which the Ta- 
' bles following chiefly ſerve) let the precceded Work teſtify. And therefore I think it 
not amiſs here in this place to inſert ſume few Propofitions, to ſhew the Ufe of the Ta- 
bles of Logarithms and of Sines and Tangents following. | 


PROB. I, How tofind the Logarithms of any Number under 1000, 


F'7 Page in the Table of Logarithms is divided into 11 Columns; in the firſt of 
which Columons, having the Letter N at the Head thereof, are all Numbers ſuccel- 


ſively continued from 1 to 1coo : So that to find the Logarithms of any Number, is no ' 


more butrto find the Number in the x Column, and inthe 24 Column you ſhall have the 
Logarithm anſwering thereunte. | 

Example, Let the Number given be 415, and if it is required to find the Logarithm 
thereof, in the-Table of Logarithms, inthe firſt Column chereof, under the Letter N, I 
find the Number 415, and right againſt it in the next Column I find 618048, which is 
the Logarithm of 415. In the ſamo -m==ner you may find the Logarithm of any Number 
_ 1000 3 a5 the Logarithm of 59615704151, and the Logarithm of 900 is 954243, 

Co 

But here is to be noted, That before every Logarithm mult de ptaced. his proper Cha- 
raQteriſtick ; viz. If the Number conſiſt but of one Figure, as all Numbers under x0, 
thep the CharaCteriſtick is 03 if the Number conſiſt of two Figures, 2s all Numbers be- 
tween 10 and 1co, then the CharaQtriſtick is 1 ; if the Number conſiſt of three Fij- 
gures, as all Numbers between 100 and 1000, then the CharaCteriſtick is 2 3 and if the 
Number conſiſts of four Figures, 2s all between 1000 and 10000, the Charater ſtick 
muſt be three. In brief, the CharaQeriſtick of any Logarithms muſt conſiſt of an Unir 
Jeſs than the given Number hath places: And by obſerving this Rule, the Logarithm 
of 415 will be 2.618048, and the Logarithm of 506 is 2.794151, and the Logarithm 
of 900 is 2.954243, &c. 


PROB. Il. A. Logarithm being given, to find the Abſolute Number therewnto belonging, "by 
the former Obſervation; the Charaderiſtick, will aaclare of - what Number of Places the Ab- 
ſolute Number conſiſts; | 


Et the Logarithm given be 2.164353 ; now becauſe the CharaQteriſtick is 2, I know 

by it the Abſolute Number confiſteth of three places, and therefore may be found 

in the ſecond Column of the Logarithm Tables, againſt it I find 1465, which is the Ab- 
ſolate Number anſwering to the Logarithm of 2.164353. 


PROB, Ill. Howto findthe Logerithm of # Number that confiſteth of four Places. 


YY mult find the three firſt Figures of the given Number in the firſt Column, as be- 
fore, and ſeek the laſt Figure thereof amongſt the great Figpres in the head of the 
Page 3 and in the common Area or meeting of theſe two Lines is the Logarithm you de- 
ſire, if before it you add or prefix its proper CharaQteriſtick. | 

| Example. Let it be required to find the Logarithm of 5745 3 I find 574, the three firſt 
Figures, in the firſt Column, and 5, the laſt Figure In the head of the Table ; then go- 
ing down from 5 in the head of the Table, until 1 come egainſt 574 in the firſt Column, 
there | find 759290,before which I - 3 for the CharaQteriſtick,and it makes 3.759290, 
and that is the Logarithm ſought for | 
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day Nlmber of Degrees and Minutes being given, to find the Artificial Sine 

Fido «ro RY No ; p | ; : , £ 9 | 
£- Dit ſe mers! required to find the Sine of 21 deg, 24 min. I turn to the ines in 
A he Table; and inthe head thereof 1 find deg, 21 3 then inche firſt-Column '(&@ 


© EL 45 't , N « | pf | 

+ agg" 0T "” 24 min. But ſuppoſe ir were. r ed to find the Sine or Tangent of 56 
> .mheleftiband3:'and all above 45 de are found in the foot of the _Table,. and the min, 
” aft Column towards theright hand z as'in tliis Example the Sine of 56 deg. 35 min. js 
== op4zy44, and the'Tangent is 10.180g90- | 0 1 | 
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PR @,B. v. If any Sine or Tangent be given, fo find what Degrees and Minutes anſwer 


” 
— - :;4 7 


Ji therennto. 
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of Fs Go pb oY ſ 0.584663 were a Sine given, 1 look for the Number in the Table of Sinesand 
80 o_ l radir Rand ocainſt 22deg. 36 min, and therefore 1s the Sinethereof.' Ag ad- 


2h - .. mit 9.624330 were a Tangent given, . look for the Number.in the Column, of Tangents 
eat PoTatic of eg join. The fame ut be doefor oy ner. 
EL The Uſe of the Table of Proportion, for the more ready finding out of any Logarithm, from 
+883 41 10000 £0:199909, $#bþ 
" EXT Hen you have any Logarithm or Nutmber above 10000, you may find it by the dif- 
LR V ferences which are in the laſt Column of the Tables: and for-your more eaſy and 
Cs Teady performing it, this Table is framed 3/wherein you have the proportional Diffe- 
7 " "ehces:* So that between each of the 10000 Logarithms 1n the Table, you may eaſily 
- Know theten Intermediate Logatithms, by the Proportional Part of the Difference for 
any c em. | | - » / - | 
tated Thus in the Table the Logarithm of 2000 is ==, | 3:50:04, 
© | The next 1 ogarithm,being the Logarithm of 2001, is 3.301247 
"Alter ok; Charaſtericks of theſe Logarithms, | 
— So have you the.Logarithm of 200009, 4-301030 
I. | , ' And the Logarithirof 20010, 4.301247 


A [The Difference between theſe kv Numbers is 217, which for the ten Intermediate 
Logarithms mult be divided into40 proportional parts, which is ready done in this Ta- 
| 82: Con es 3 + «wt Es EG 
2179-28 43 658 108 130 151 173 195 


Sy _ that'the Logarithm of 20000 being [ 4301030 

»* © The Logerithm of 20001, by adding 21, 18, _ 4.301051 

* The Logarithm of 20002, by adding 439 Is —o © 4301073 
. + . -. And Jo forthe reſt, to 20010, 


"I. , 


(4 , 4 be ** 


©. "what Nomber: anſwers. to it z the next Number. leſs in the Tables is 301 030 which is 
the Logarithm of 20000 : butthis is 21. more, and the common Difference in the Table 
$3 "ng 217 3 turn therefore to this Difference in the Table of Proportion, and there 
Wh: y ot ſee that 21 makes your number 1-more * So that 4.301051 isthe Logaritlita of 
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Wt the other ſide, let your Logarith nba a a01045; and you deſire to know 
> b'Or, onthe other fide, let your Logarithm g 4:301051, 


x 27 


